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Virus	species/strain	
Virus	

family/order	

Reservoir	

host*	

Vector	

borne	 Vector**	 Genbank	Acc.	 Reference	

Allpahuayo	virus	 Arenavirus	 Rodent	 0	 none	 NC_010253.1	 (1)	

Amapari	virus	 Arenavirus	 Rodent	 0	 none	 NC_010247.1	 (2)	

Arenavirus	H0030026	 Arenavirus	 Rodent	 0	 none	 GQ903697.1	 (3)	

Bear	canyon	virus	 Arenavirus	 Rodent	 0	 none	 NC_010256.1	 (2)	

Big	brushy	tank	virus	 Arenavirus	 Rodent	 0	 none	 EF619036.1	 (4)	

Boa	arenavirus	 Arenavirus	 Reptile	 0	 none	 NC_023761.1	 (5)	

Cardamones	virus	 Arenavirus	 Rodent	 0	 none	 KC669694.1	 (6,	7)	

CAS	virus	 Arenavirus	 Reptile	 0	 none	 NC_018481.1	 (5,	8)	

Catarina	virus	 Arenavirus	 Rodent	 0	 none	 DQ865245.1	 (9)	

Chapare	virus	 Arenavirus	 Rodent	 0	 none	 NC_010562.1	 (10)	

Cupixi	virus	 Arenavirus	 Rodent	 0	 none	 NC_010254.1	 (2)	

Dandenong	virus	 Arenavirus	 Rodent	 0	 none	 EU136038.1	 (9)	

Flexal	virus	 Arenavirus	 Rodent	 0	 none	 NC_010757.1	 (2)	

Gairo	virus	 Arenavirus	 Rodent	 0	 none	 NC_026246.1	 (11)	

Gbagroube	virus	 Arenavirus	 Rodent	 0	 none	 GU830848.1	 (12)	

Golden	Gate	virus	 Arenavirus	 Reptile	 0	 none	 NC_018483.1	 (5)	

Guanarito	virus	 Arenavirus	 Rodent	 0	 none	 NC_005077.1	 (13)	

Ippy	virus	 Arenavirus	 Rodent	 0	 none	 NC_007905.1	 (2)	

Junin	arenavirus	 Arenavirus	 Rodent	 0	 none	 NC_005081.1	 (2)	

Lassa	virus	 Arenavirus	 Rodent	 0	 none	 NC_004296.1	 (2)	

Latino	virus	 Arenavirus	 Rodent	 0	 none	 NC_010758.1	 (2)	

Loie	River	virus	 Arenavirus	 Rodent	 0	 none	 KC669698.1	 (7)	
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Lujo	virus	 Arenavirus	 Rodent	 0	 none	 NC_012776.1	 (14)	

Luna	virus	 Arenavirus	 Rodent	 0	 none	 NC_016152.1	 (15)	

Lunk	virus	NKS-1	 Arenavirus	 Rodent	 0	 none	 NC_018710.1	 (16)	

Lymphocytic	choriomeningitis	virus	 Arenavirus	 Rodent	 0	 none	 NC_004294.1	 (2)	

Machupo	virus	 Arenavirus	 Rodent	 0	 none	 NC_005078.1	 (2)	

Menekre	virus	 Arenavirus	 Rodent	 0	 none	 GU830862.1	 (12)	

Merino	Walk	virus	 Arenavirus	 Rodent	 0	 none	 NC_023764.1	 (17)	

Mobala	virus	 Arenavirus	 Rodent	 0	 none	 NC_007903.1	 (2)	

Mopeia	virus	 Arenavirus	 Rodent	 0	 none	 NC_006575.1	 (2)	

Morogoro	virus	 Arenavirus	 Rodent	 0	 none	 NC_013057.1	 (2)	

Ocozocoautla	de	Espinosa	virus	 Arenavirus	 Rodent	 0	 none	 JN897398.1	 (18)	

Oliveros	virus	 Arenavirus	 Rodent	 0	 none	 NC_010248.1	 (2)	

Parana	virus	 Arenavirus	 Rodent	 0	 none	 NC_010756.1	 (2)	

Pichinde	arenavirus	 Arenavirus	 Rodent	 0	 none	 NC_006447.1	 (2)	

Pirital	virus	 Arenavirus	 Rodent	 0	 none	 NC_005894.1	 (2)	

Sabia	virus	 Arenavirus	 Rodent	 0	 none	 NC_006317.1	 (2)	

Skinner	Tank	virus	 Arenavirus	 Rodent	 0	 none	 EU123328.1	 (9)	

Tacaribe	virus	 Arenavirus	 Vespbat	 0	 none	 NC_004293.1	 (19)	

Tamiami	virus	 Arenavirus	 Rodent	 0	 none	 NC_010701.1	 (2)	

Tonto	creek	virus	 Arenavirus	 Rodent	 0	 none	 EF619034.1	 (9)	

University	of	Helsinki	virus	 Arenavirus	 Reptile	 0	 none	 NC_023766.1	 (20)	

Wenzhou	virus	 Arenavirus	 Rodent	 0	 none	 KM386660.1	 (21)	

Whitewater	arroyo	virus	 Arenavirus	 Rodent	 0	 none	 NC_010700.1	 (2)	

Astrovirus	Er/SZAL6/HUN/2011	 Astrovirus	 Orphan	 0	 none	 NC_027426.1	 (287)	
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Astrovirus	MLB1	 Astrovirus	 Primate	 0	 none	 NC_011400.1	 (288)	

Astrovirus	MLB2	 Astrovirus	 Primate	 0	 none	 NC_016155.1	 (288)	

Astrovirus	MLB3	 Astrovirus	 Primate	 0	 none	 NC_019028.1	 (289)	

Astrovirus	VA1	 Astrovirus	 Primate	 0	 none	 NC_013060.1	 (288)	

Astrovirus	VA3	 Astrovirus	 Primate	 0	 none	 NC_019026.1	 (288)	

Astrovirus	VA4	 Astrovirus	 Primate	 0	 none	 NC_019027.1	 (288)	

Astrovirus	wild	boar/WBAstV-1/2011/HUN	 Astrovirus	 Artiodactyl	 0	 none	 NC_016896.1	 (290)	

Avastrovirus	1	 Astrovirus	 Galloanserae	 0	 none	 NC_002470.1	 (291)	

Avastrovirus	3	 Astrovirus	 Galloanserae	 0	 none	 NC_005790.1	 (289)	

Bastrovirus	7	 Astrovirus	 Primate	 0	 none	 NC_035758.1	 (292)	

Bastrovirus	BAS-2	 Astrovirus	 Orphan	 0	 none	 NC_035471.1	 (293)	

Bastrovirus	BAS-3	 Astrovirus	 Rodent	 0	 none	 NC_032484.1	 (293)	

Bastrovirus-like_virus/VietNam/Bat/17819_21	 Astrovirus	 Orphan	 0	 none	 NC_032426.1	 (293)	

Bastrovirus/VietNam/Porcine/17489_85	 Astrovirus	 Orphan	 0	 none	 NC_032423.1	 (293)	

Bovine	astrovirus	B170/HK	 Astrovirus	 Artiodactyl	 0	 none	 NC_023632.1	 (293)	

Bovine	astrovirus	B18/HK	 Astrovirus	 Artiodactyl	 0	 none	 NC_023631.1	 (293)	

Bovine	astrovirus	B76/HK	 Astrovirus	 Artiodactyl	 0	 none	 NC_023629.1	 (293)	

Bovine	astrovirus	CH13	 Astrovirus	 Artiodactyl	 0	 none	 NC_024498.1	 (293)	

Burkina	Faso	astrovirus	 Astrovirus	 Primate	 0	 none	 NC_024472.1	 (293)	

California	sea	lion	astrovirus	2	 Astrovirus	 Carnivore	 0	 none	 NC_034975.1	 (293)	

Canine	astrovirus	 Astrovirus	 Carnivore	 0	 none	 NC_026814.1	 (293)	

Chicken	astrovirus	 Astrovirus	 Galloanserae	 0	 none	 NC_003790.1	 (293)	

Dromedary	astrovirus	 Astrovirus	 Artiodactyl	 0	 none	 NC_027711.1	 (293)	

Feline	astrovirus	2	 Astrovirus	 Carnivore	 0	 none	 NC_022249.1	 (293)	
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Feline	astrovirus	D1	 Astrovirus	 Carnivore	 0	 none	 NC_024701.1	 (293,	294)	

Goose	astrovirus	 Astrovirus	 Galloanserae	 0	 none	 NC_034567.1	 (295)	

HMO	Astrovirus	A	 Astrovirus	 Primate	 0	 none	 NC_013443.1	 (296)	

Mamastrovirus	1	 Astrovirus	 Primate	 0	 none	 L23513.1	 (293)	

Mamastrovirus	10	 Astrovirus	 Carnivore	 0	 none	 NC_004579.1	 (293)	

Mamastrovirus	13	 Astrovirus	 Artiodactyl	 0	 none	 NC_002469.1	 (293)	

Mamastrovirus	2	 Astrovirus	 Carnivore	 0	 none	 KM017742.1	 (293)	

Mamastrovirus	3	 Astrovirus	 Artiodactyl	 0	 none	 NC_025379.1	 (293)	

Mouse	astrovirus	M-52/USA/2008	 Astrovirus	 Rodent	 0	 none	 NC_015935.1	 (297)	

Murine	astrovirus	 Astrovirus	 Rodent	 0	 none	 NC_018702.1	 (293)	

Porcine	astrovirus	2	 Astrovirus	 Artiodactyl	 0	 none	 NC_023674.1	 (293)	

Porcine	astrovirus	3	 Astrovirus	 Artiodactyl	 0	 none	 NC_019494.1	 (298)	

Porcine	astrovirus	4	 Astrovirus	 Artiodactyl	 0	 none	 NC_023675.1	 (293)	

Porcine	astrovirus	5	 Astrovirus	 Artiodactyl	 0	 none	 NC_023636.1	 (293)	

Qinghai	Himalayan	marmot	astrovirus	1	 Astrovirus	 Rodent	 0	 none	 NC_033792.1	 (299)	

Qinghai	Himalayan	marmot	astrovirus	2	 Astrovirus	 Rodent	 0	 none	 NC_033821.1	 (299)	

Rabbit	astrovirus	TN/2208/2010	 Astrovirus	 Lagomorph	 0	 none	 NC_025346.1	 (293	

Aguacate	virus	 Bunyavirus	 Orphan	 1	 sandfly	 NC_015452.1	 (22)	

Akabane	virus	 Bunyavirus	 Artiodactyl	 1	 midge	 NC_009896.1	 (23)	

Andes	virus	 Bunyavirus	 Rodent	 0	 none	 NC_003466.1	 (24)	

Arumowot	virus	 Bunyavirus	 Rodent	 1	 mosquito	 NC_023634.1	 (22)	

Bean	necrotic	mosaic	virus	 Bunyavirus	 Plant	 1	 thrip	 NC_018071.1	 (25)	

Brazoran	virus	 Bunyavirus	 Orphan	 1	 mosquito	 NC_022037.1	 (26)	

Bunyamwera	virus	 Bunyavirus	 Orphan	 1	 mosquito	 NC_001927.1	 (22)	
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Candiru	virus	 Bunyavirus	 Orphan	 1	 unknown	 NC_015375.1	 (27)	

Capsicum	chlorosis	virus	 Bunyavirus	 Plant	 1	 thrip	 NC_008301.1	 (28)	

Crimean-Congo	hemorrhagic	fever	virus	 Bunyavirus	 Orphan	 1	 tick	 NC_005302.1	 (29)	

Dobrava-Belgrade	virus	 Bunyavirus	 Rodent	 0	 none	 NC_005233.1	 (30)	

Dugbe	virus	 Bunyavirus	 Artiodactyl	 1	 tick	 NC_004157.1	 (31)	

Ferak	virus	 Bunyavirus	 Insect	 0	 mosquito	 KP710267.1	 (32)	

Gouleako	virus	 Bunyavirus	 Insect	 0	 mosquito	 HQ541736.1	 (33)	

Groundnut	bud	necrosis	virus	 Bunyavirus	 Plant	 1	 thrip	 NC_003619.1	 (34)	

Hantaan	virus	 Bunyavirus	 Rodent	 0	 none	 NC_005218.1	 (24)	

Heartland	virus	 Bunyavirus	 Orphan	 1	 tick	 NC_024496.1	 (35)	

Herbert	virus	 Bunyavirus	 Insect	 0	 mosquito	 KF590584.1	 (32)	

Impatiens	necrotic	spot	virus	 Bunyavirus	 Plant	 1	 thrip	 NC_003624.1	 (34)	

Jonchet	virus	 Bunyavirus	 Insect	 0	 mosquito	 KP710243.1	 (32)	

La	Crosse	Virus	 Bunyavirus	 Rodent	 1	 mosquito	 NC_004110.1	 (36)	

Leopards	Hill	virus	 Bunyavirus	 Pterobat	 0	 none	 NC_025833.1	 (37)	

Lone	Star	virus	 Bunyavirus	 Orphan	 1	 tick	 NC_021244.1	 (38)	

Malsoor	virus	 Bunyavirus	 Pterobat	 ?	 unknown	 KF186496.1	 (39)	

Maprik	virus	 Bunyavirus	 Orphan	 1	 mosquito	 NC_026282.1	 (40)	

Melon	yellow	spot	virus	 Bunyavirus	 Plant	 1	 thrip	 NC_008300.1	 (41)	

Mulberry	vein	banding	virus	 Bunyavirus	 Plant	 1	 thrip	 NC_026619.1	 (42)	

Murrumbidgee	virus	 Bunyavirus	 Orphan	 1	 mosquito	 NC_022597.1	 (43)	

Oropouche	virus	 Bunyavirus	 Orphan	 1	 midge	 NC_005777.1	 (23)	

Puumala	virus	 Bunyavirus	 Rodent	 0	 none	 KJ994776.1	 (24)	

Rift	Valley	fever	virus	 Bunyavirus	 Artiodactyl	 1	 mosquito	 NC_014395.1	 (44)	
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Sandfly	fever	Naples	virus	 Bunyavirus	 Orphan	 1	 sandfly	 NC_006318.1	 (23)	

Sandfly	fever	Sicilian	virus	 Bunyavirus	 Primate	 1	 sandfly	 NC_015413.1	 (24)	

Seoul	virus	 Bunyavirus	 Rodent	 0	 none	 NC_005236.1	 (45)	

Severe	fever	with	thrombocytopenia	

syndrome	virus	 Bunyavirus	 Orphan	 1	 tick	 NC_018137.1	 (24)	

Sin	Nombre	virus	 Bunyavirus	 Rodent	 0	 none	 NC_005216.1	 (46)	

Thottapalayam	virus	 Bunyavirus	 Soricomorph	 0	 none	 NC_010704.1	 (46)	

Tomato	spotted	wilt	virus	 Bunyavirus	 Plant	 1	 thrip	 NC_002051.1	 (47)	

Tomato	zonate	spot	virus	 Bunyavirus	 Plant	 1	 thrip	 NC_010489.1	 (48)	

Tula	virus	 Bunyavirus	 Rodent	 0	 none	 NC_005227.2	 (24)	

Uukuniemi	virus	 Bunyavirus	 Orphan	 1	 tick	 NC_005221.1	 (49,	50)	

Watermelon	silver	mottle	virus	 Bunyavirus	 Plant	 1	 thrip	 NC_003843.1	 (51)	

Atlantic	salmon	calicivirus	 Calicivirus	 Fish	 0	 none	 NC_024031.1	 (52)	

Bat	sapovirus	TLC58	HK	 Calicivirus	 Pterobat	 0	 none	 NC_017936.1	 (53)	

Calicivirus	isolate	TCG	
Calicivirus	 Artiodactyl	 0	 none	 NC_006875.1	

BioProject:	

PRJNA15123)	

Calicivirus	pig	AB90	 Calicivirus	 Artiodactyl	 0	 none	 NC_012699.1	 (54)	

Canine	calicivirus	 Calicivirus	 Carnivore	 0	 none	 NC_004542.1	 (55)	

Chicken	calicivirus	 Calicivirus	 Galloanserae	 0	 none	 KM254171.1	 (56)	

European	brown	hare	syndrome	virus	 Calicivirus	 Lagomorph	 0	 none	 NC_002615.1	 (57)	

Feline	calicivirus	 Calicivirus	 Carnivore	 0	 none	 NC_001481.2	 (58)	

Goose	calicivirus	 Calicivirus	 Galloanserae	 0	 none	 NC_024078.1	 (59)	

Mink	calicivirus	 Calicivirus	 Carnivore	 0	 none	 NC_019712.1	 (60,	61)	

Murine	norovirus	 Calicivirus	 Rodent	 0	 none	 JF320650.1	 (62)	
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Newbury-1	virus	 Calicivirus	 Artiodactyl	 0	 none	 NC_007916.1	 (63)	

Norovirus	GI	 Calicivirus	 Primate	 0	 none	 NC_001959.2	 (64)	

Norovirus	GII	 Calicivirus	 Primate	 0	 none	 NC_029646.1	 (65,	66)	

Norovirus	GIII	 Calicivirus	 Artiodactyl	 0	 none	 NC_029645.1	 (64)	

Norovirus	GIV.1	 Calicivirus	 Carnivore	 0	 none	 JQ613567.1	 (67)	

Norovirus	GIV.2	 Calicivirus	 Carnivore	 0	 none	 JF781268.1	 (68)	

Norovirus	GV	 Calicivirus	 Rodent	 0	 none	 NC_008311.1	 (64)	

Norwalk	virus	 Calicivirus	 Primate	 0	 none	 AF504671.2	 (69,	70)	

Porcine	enteric	calicivirus	 Calicivirus	 Artiodactyl	 0	 none	 NC_000940.1	 (71)	

Rabbit	calicivirus	 Calicivirus	 Lagomorph	 0	 none	 NC_011704.1	 (72)	

Rabbit	hemorrhagic	disease	virus	 Calicivirus	 Lagomorph	 0	 none	 NC_001543.1	 (73,	74)	

Rabbit	vesivirus	 Calicivirus	 Lagomorph	 0	 none	 NC_008580.1	 (75)	

Reptile	vesivirus	 Calicivirus	 Reptile	 0	 none	 JX047864.1	 (76)	

San	Miguel	sea	lion	virus	1	 Calicivirus	 Carnivore	 0	 none	 U15301.2	 (77)	

San	Miguel	sea	lion	virus	8	 Calicivirus	 Carnivore	 0	 none	 NC_025676.1	 (78)	

Sapovirus	GII	 Calicivirus	 Primate	 0	 none	 NC_006554.1	 (79)	

Sapovirus	GIV	 Calicivirus	 Primate	 0	 none	 AJ786349.2	 (80)	

Sapovirus	GV	 Calicivirus	 Primate	 0	 none	 KX000383.1	 (80)	

St.	Valerien	swine	virus	 Calicivirus	 Artiodactyl	 0	 none	 AB863586.1	 (81)	

Steller	sea	lion	vesivirus	 Calicivirus	 Carnivore	 0	 none	 NC_011050.1	 (82)	

Tulane	virus	 Calicivirus	 Primate	 0	 none	 EU391643.1	 (83)	

Turkey	calicivirus	 Calicivirus	 Galloanserae	 0	 none	 JQ347522.1	 (56)	

Vesicular	exanthema	of	swine	virus	 Calicivirus	 Artiodactyl	 0	 none	 NC_002551.1	 (84)	

Vesivirus	ferret	badger	 Calicivirus	 Carnivore	 0	 none	 NC_027122.1	 (85)	
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Walrus	calicivirus	 Calicivirus	 Carnivore	 0	 none	 NC_004541.1	 (86)	

Alpaca	respiratory	coronavirus	 Coronavirus	 Artiodactyl	 0	 NA	 JQ410000.1	 (280)	

Alphacoronavirus	2	 Coronavirus	 Carnivore	 0	 none	 HM245926.1	 (87)	

Bat	coronavirus	133	 Coronavirus	 Vespbat	 0	 none	 DQ648794.1	 (88)	

Bat	coronavirus	1A	 Coronavirus	 Vespbat	 0	 none	 NC_010437.1	 (89)	

Bat	coronavirus	1B	 Coronavirus	 Vespbat	 0	 none	 EU420137.1	 (89)	

Bat	coronavirus	512	 Coronavirus	 Vespbat	 0	 none	 NC_009657.1	 (88)	

Bat	coronavirus	BM48-31	 Coronavirus	 Pterobat	 0	 none	 NC_014470.1	 (90)	

Bat	coronavirus	CDPHE15	
Coronavirus	 Vespbat	 0	 none	 NC_022103.1	

BioProject:	

PRJNA215863)	

Bat	coronavirus	HKU10	 Coronavirus	 Pterobat	 0	 none	 NC_018871.1	 (91)	

Bat	coronavirus	HKU4	 Coronavirus	 Vespbat	 0	 none	 NC_009019.1	 (92)	

Bat	coronavirus	HKU5	 Coronavirus	 Vespbat	 0	 none	 NC_009020.1	 (92)	

Bat	coronavirus	HKU9	 Coronavirus	 Pterobat	 0	 none	 NC_009021.1	 (92)	

Bat	Hp-betacoronavirus	
Coronavirus	 Orphan	 0	 none	 NC_025217.1	

BioProject:	

PRJNA263036)	

Beluga	Whale	coronavirus	SW1	 Coronavirus	 Orphan	 0	 none	 NC_010646.1	 (93)	

Betacoronavirus	Erinaceus	 Coronavirus	 Erinaceidae	 0	 none	 NC_022643.1	 (94)	

Betacoronavirus	HKU24	 Coronavirus	 Rodent	 0	 none	 NC_026011.1	 (95)	

Bovine	enteritic	coronavirus	 Coronavirus	 Artiodactyl	 0	 none	 NC_003045.1	 (96)	

Bovine	respiratory	coronavirus	AH187	 Coronavirus	 Artiodactyl	 0	 none	 FJ938065.1	 (97)	

Breda	virus	 Coronavirus	 Artiodactyl	 0	 none	 NC_007447.1	 (98)	

Camel	alphacoronavirus	 Coronavirus	 Artiodactyl	 0	 NA	 KT368910.1	 (281)	

Canine	coronavirus	 Coronavirus	 Carnivore	 0	 none	 KC175340.1	 (99)	
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Common-moorhen	coronavirus	HKU21	 Coronavirus	 Neoaves	 0	 none	 NC_016996.1	 (100)	

Dromedary	camel	coronavirus	HKU23	 Coronavirus	 Artiodactyl	 0	 NA	 KF906249.1	 (282)	

Equine	coronavirus	 Coronavirus	 Perissodactyla	 0	 none	 LC061274.1	 (101)	

Feline	coronavirus	 Coronavirus	 Carnivore	 0	 none	 NC_002306.3	 (99)	

Human	coronavirus	229E	 Coronavirus	 Primate	 0	 none	 NC_002645.1	 (99)	

Human	coronavirus	HKU1	 Coronavirus	 Primate	 0	 none	 NC_006577.2	 (99)	

Human	coronavirus	NL63	 Coronavirus	 Primate	 0	 none	 NC_005831.2	 (99)	

Human	coronavirus	OC43	 Coronavirus	 Primate	 0	 none	 KX344031.1	 (99)	

Human	enteric	coronavirus	strain	4408	 Coronavirus	 Orphan	 0	 none	 FJ938067.1	 (102)	

Human	SARS	coronavirus	 Coronavirus	 Pterobat	 0	 none	 NC_004718.3	 (103)	

Infectious	bronchitis	virus	 Coronavirus	 Galloanserae	 0	 none	 NC_001451.1	 (99)	

Magpie-robin	coronavirus	HKU18	 Coronavirus	 Neoaves	 0	 none	 NC_016993.1	 (100)	

Middle	East	respiratory	syndrome	coronavirus	 Coronavirus	 Orphan	 0	 NA	 KT368866.1	 (281)	

Miniopterus	bat	coronavirus	HKU8	 Coronavirus	 Vespbat	 0	 none	 NC_010438.1	 (92)	

Munia	coronavirus	HKU13	 Coronavirus	 Neoaves	 0	 none	 NC_011550.1	 (104)	

Murine	hepatitis	virus	 Coronavirus	 Rodent	 0	 none	 NC_001846.1	 (99)	

Night-heron	coronavirus	HKU19	 Coronavirus	 Neoaves	 0	 none	 NC_016994.1	 (100)	

Porcine	coronavirus	HKU15	 Coronavirus	 Artiodactyl	 0	 none	 NC_016990.2	 (100)	

Porcine	epidemic	diarrhea	virus	 Coronavirus	 Artiodactyl	 0	 none	 NC_003436.1	 (99)	

Porcine	hemagglutinating	encephalomyelitis	

virus	 Coronavirus	 Artiodactyl	 0	 none	 DQ011855.1	 (99)	

Porcine	torovirus	 Coronavirus	 Artiodactyl	 0	 none	 NC_022787.1	 (105)	

Rabbit	coronavirus	HKU14	 Coronavirus	 Lagomorph	 0	 none	 NC_017083.1	 (99)	

Rat	coronavirus	 Coronavirus	 Rodent	 0	 none	 NC_012936.1	 (99)	
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Rhinolophus	bat	coronavirus	HKU2	 Coronavirus	 Pterobat	 0	 none	 NC_009988.1	 (92)	

Sparrow	coronavirus	HKU17	 Coronavirus	 Neoaves	 0	 none	 NC_016992.1	 (100)	

Thrush	coronavirus	HKU12	 Coronavirus	 Neoaves	 0	 none	 NC_011549.1	 (104)	

Turkey	enteric	coronavirus	 Coronavirus	 Galloanserae	 0	 none	 NC_010800.1	 (106)	

White	bream	virus	 Coronavirus	 Fish	 0	 none	 NC_008516.1	 (107)	

White-eye	coronavirus	HKU16	 Coronavirus	 Neoaves	 0	 none	 NC_016991.1	 (100)	

Wigeon	coronavirus	HKU20	 Coronavirus	 Galloanserae	 0	 none	 NC_016995.1	 (100)	

Bundibugyo	virus	 Filovirus	 Orphan	 0	 none	 NC_014373.1	 (108)	

Lloviu	cuevavirus	 Filovirus	 Vespbat	 0	 none	 NC_016144.1	 (109)	

Marburg	marburgvirus	 Filovirus	 Pterobat	 0	 none	 NC_001608.3	 (110,	111)	

Reston	ebolavirus	 Filovirus	 Orphan	 0	 none	 NC_004161.1	 (108,	112)	

Sudan	ebolavirus	 Filovirus	 Orphan	 0	 none	 NC_006432.1	 (108)	

Tai	Forest	ebolavirus	 Filovirus	 Orphan	 0	 none	 NC_014372.1	 (108)	

Zaire	ebolavirus	 Filovirus	 Pterobat	 0	 none	 NC_002549.1	 (113)	

Aedes	flavivirus	 Flavivirus	 Insect	 0	 mosquito	 NC_012932.1	 (114)	

Alkhumra	hemorrhagic	fever	virus	 Flavivirus	 Orphan	 1	 tick	 NC_004355.1	 (115)	

Apoi	virus	 Flavivirus	 Rodent	 0	 none	 NC_003676.1	 (116)	

Aroa	virus	 Flavivirus	 Rodent	 1	 unknown	 NC_009026.2	 (117)	

Bagaza	virus	 Flavivirus	 Galloanserae	 1	 mosquito	 NC_012534.1	 (117)	

Border	disease	virus	 Flavivirus	 Artiodactyl	 0	 none	 NC_003679.1	 (118)	

Bovine	hepacivirus	 Flavivirus	 Artiodactyl	 0	 none	 NC_026797.1	 (119)	

Bovine	viral	diarrhea	virus	1	 Flavivirus	 Artiodactyl	 0	 none	 NC_001461.1	 (120)	

Bovine	viral	diarrhea	virus	2	 Flavivirus	 Artiodactyl	 0	 none	 NC_002032.1	 (120)	

Bovine	viral	diarrhea	virus	3	 Flavivirus	 Artiodactyl	 0	 none	 NC_012812.1	 (121)	
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Cacipacore	virus	 Flavivirus	 Orphan	 ?	 unknown	 NC_026623.1	 (122,	123)	

Cell	fusing	agent	virus	 Flavivirus	 Insect	 0	 mosquito	 NC_001564.2	 (117)	

Chaoyang	virus	 Flavivirus	 Insect	 0	 mosquito	 NC_017086.1	 (124)	

Classical	swine	fever	virus	 Flavivirus	 Artiodactyl	 0	 none	 NC_002657.1	 (120)	

Culex	flavivirus	 Flavivirus	 Insect	 0	 mosquito	 NC_008604.2	 (124)	

Dengue	virus	1	 Flavivirus	 Primate	 1	 mosquito	 NC_001477.1	 (122)	

Dengue	virus	2	 Flavivirus	 Primate	 1	 mosquito	 NC_001474.2	 (122)	

Dengue	virus	3	 Flavivirus	 Primate	 1	 mosquito	 NC_001475.2	 (122)	

Dengue	virus	4	 Flavivirus	 Primate	 1	 mosquito	 NC_002640.1	 (122)	

Donggang	virus	 Flavivirus	 Insect	 0	 mosquito	 NC_016997.1	 (125)	

Entebbe	bat	virus	 Flavivirus	 Vespbat	 ?	 unknown	 NC_008718.1	 (126)	

Equine	hepacivirus	JPN3/JAPAN/2013	 Flavivirus	 Perissodactyla	 0	 none	 NC_024889.1	 (127)	

Equine	pegivirus	1	 Flavivirus	 Perissodactyla	 0	 none	 NC_020902.1	 (128)	

GB	virus	C	 Flavivirus	 Primate	 0	 none	 NC_001710.1	 (128)	

Hepatitis	C	virus	 Flavivirus	 Primate	 0	 none	 NC_004102.1	 (120)	

Human	pegivirus	2	 Flavivirus	 Primate	 0	 none	 NC_027998.2	 (129)	

Ilheus	virus	 Flavivirus	 Neoaves	 1	 mosquito	 NC_009028.2	 (122)	

Japanese	encephalitis	virus	 Flavivirus	 Neoaves	 1	 mosquito	 NC_001437.1	 (122)	

Jutiapa	virus	 Flavivirus	 Rodent	 0	 none	 NC_026620.1	 (122)	

Kama	virus	 Flavivirus	 Neoaves	 1	 tick	 NC_023439.1	 (130)	

Kamiti	River	virus	 Flavivirus	 Insect	 0	 mosquito	 NC_005064.1	 (131)	

Karshi	virus	 Flavivirus	 Orphan	 1	 tick	 NC_006947.1	 (122)	

Kedougou	virus	 Flavivirus	 Orphan	 1	 mosquito	 NC_012533.1	 (122)	

Kokobera	virus	 Flavivirus	 Diprotodontia	 1	 mosquito	 NC_032088.1	 (122,	132)	
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Kyasanur	forest	disease	virus	 Flavivirus	 Primate	 1	 tick	 JF416960.1	 (122)	

Langat	virus	 Flavivirus	 Orphan	 1	 tick	 NC_003690.1	 (122)	

Louping	ill	virus	 Flavivirus	 Artiodactyl	 1	 tick	 NC_001809.1	 (122)	

Mercadeo	virus	 Flavivirus	 Insect	 0	 mosquito	 NC_027819.1	 (133)	

Modoc	virus	 Flavivirus	 Rodent	 0	 none	 NC_003635.1	 (122)	

Montana	myotis	leukoencephalitis	virus	 Flavivirus	 Vespbat	 0	 none	 NC_004119.1	 (122)	

Mosquito	flavivirus	 Flavivirus	 Insect	 0	 mosquito	 NC_021069.1	 (134)	

Murray	Valley	encephalitis	virus	 Flavivirus	 Neoaves	 1	 mosquito	 NC_000943.1	 (122)	

Norway	rat	hepacivirus	1	 Flavivirus	 Rodent	 0	 none	 NC_025672.1	 (135)	

Norway	rat	hepacivirus	2	 Flavivirus	 Rodent	 0	 none	 NC_025673.1	 (135)	

Norway	rat	pegivirus	 Flavivirus	 Rodent	 0	 none	 NC_025679.1	 (135)	

Norway	rat	pestivirus	 Flavivirus	 Rodent	 0	 none	 NC_025677.1	 (135)	

Ntaya	virus	 Flavivirus	 Orphan	 1	 mosquito	 NC_018705.3	 (122)	

Omsk	hemorrhagic	fever	virus	 Flavivirus	 Rodent	 1	 tick	 NC_005062.1	 (122)	

Paraiso	Escondido	virus	 Flavivirus	 Insect	 0	 sandfly	 NC_027999.1	 (136)	

Parramatta	River	virus	 Flavivirus	 Insect	 0	 mosquito	 NC_027817.1	 (137)	

Pegivirus	A	 Flavivirus	 Primate	 0	 none	 NC_001837.1	 (128)	

Pestivirus	Burdur	 Flavivirus	 Artiodactyl	 ?	 unknown	 KM408491.1	 (138)	

Pestivirus	Giraffe-1	 Flavivirus	 Artiodactyl	 0	 none	 NC_003678.1	 (139)	

Pestivirus	strain	Aydin/04-TR	 Flavivirus	 Artiodactyl	 0	 none	 NC_018713.1	 (140)	

Porcine	pestivirus	isolate	Bungowannah	 Flavivirus	 Orphan	 0	 none	 NC_023176.1	 (141)	

Powassan	virus	 Flavivirus	 Rodent	 1	 tick	 NC_003687.1	 (122)	

Pronghorn	antelope	pestivirus	 Flavivirus	 Artiodactyl	 0	 none	 NC_024018.2	 (142)	

Quang	Binh	virus	 Flavivirus	 Insect	 0	 mosquito	 NC_012671.1	 (134)	
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Rio	Bravo	virus	 Flavivirus	 Vespbat	 0	 none	 NC_003675.1	 (122,	143)	

Rodent	hepacivirus	 Flavivirus	 Rodent	 0	 none	 NC_021153.1	 (135)	

Rodent	pegivirus	 Flavivirus	 Rodent	 0	 none	 NC_021154.1	 (135)	

Royal	Farm	virus	 Flavivirus	 Orphan	 1	 tick	 DQ235149.1	 (122)	

Sepik	virus	 Flavivirus	 Artiodactyl	 1	 mosquito	 NC_008719.1	 (144)	

Simian	pegivirus	 Flavivirus	 Primate	 0	 none	 NC_024377.1	 (128)	

Sokoluk	virus	 Flavivirus	 Vespbat	 ?	 unknown	 NC_026624.1	 (145)	

Spanish	goat	encephalitis	virus	 Flavivirus	 Orphan	 1	 tick	 NC_027709.1	 (146)	

Spondweni	virus	 Flavivirus	 Orphan	 1	 mosquito	 NC_029055.1	 (144)	

St.	Louis	encephalitis	virus	 Flavivirus	 Neoaves	 1	 mosquito	 NC_007580.2	 (122)	

Tamana	bat	virus	 Flavivirus	 Vespbat	 0	 none	 NC_003996.1	 (145)	

Tembusu	virus	 Flavivirus	 Orphan	 1	 mosquito	 NC_015843.2	 (145)	

Tick-borne	encephalitis	virus	 Flavivirus	 Rodent	 1	 tick	 NC_001672.1	 (147)	

Tyuleniy	virus	 Flavivirus	 Neoaves	 1	 tick	 NC_023424.1	 (122)	

Usutu	virus	 Flavivirus	 Neoaves	 1	 mosquito	 NC_006551.1	 (122)	

Wesselsbron	virus	 Flavivirus	 Orphan	 1	 mosquito	 NC_012735.1	 (122)	

West	Nile	virus	 Flavivirus	 Neoaves	 1	 mosquito	 NC_001563.2	 (122)	

Yellow	fever	virus	 Flavivirus	 Primate	 1	 mosquito	 NC_002031.1	 (122)	

Yokose	virus	 Flavivirus	 Vespbat	 ?	 unknown	 NC_005039.1	 (148)	

Zika	virus	 Flavivirus	 Orphan	 1	 mosquito	 NC_012532.1	 (122)	

Avian	hepatitis	E	virus	 Hepevirus	 Galloanserae	 0	 none	 NC_023425.1	 (149)	

Bat	hepevirus	 Hepevirus	 Vespbat	 0	 none	 NC_018382.1	 (150)	

Cutthroat	trout	virus	 Hepevirus	 Fish	 0	 none	 NC_015521.1	 (151)	

Ferret	hepatitis	E	virus	 Hepevirus	 Carnivore	 0	 NA	 JN998606.1	 (284)	
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Hepatitis	E	virus	 Hepevirus	 Artiodactyl	 0	 NA	 KJ496143.1	 (285)	

Hepatitis	E	virus	rat	 Hepevirus	 Rodent	 0	 NA	 GU345042.1	 (286)	

Hepatitis	E	virus,	GT1	 Hepevirus	 Primate	 0	 none	 M73218.1	 (152)	

Hepatitis	E	virus,	GT2	 Hepevirus	 Primate	 0	 none	 M74506.1	 (152)	

Hepatitis	E	virus,	GT3	 Hepevirus	 Artiodactyl	 0	 none	 EU375463.1	 (152)	

Hepatitis	E	virus,	GT4	 Hepevirus	 Artiodactyl	 0	 none	 AB097811.1	 (152)	

Achimota	virus	1	 Paramyxovirus	 Pterobat	 0	 none	 NC_025403.1	 (153)	

Achimota	virus	2	 Paramyxovirus	 Pterobat	 0	 none	 NC_025404.1	 (153)	

Atlantic	salmon	paramyxovirus	 Paramyxovirus	 Fish	 0	 none	 NC_025360.1	 (154)	

Avian	metapneumovirus	 Paramyxovirus	 Galloanserae	 0	 none	 NC_007652.1	 (155)	

Avian	paramyxovirus	11	 Paramyxovirus	 Neoaves	 0	 none	 NC_025407.1	 (155)	

Avian	paramyxovirus	12	 Paramyxovirus	 Galloanserae	 0	 none	 NC_025363.1	 (155)	

Avian	paramyxovirus	3	 Paramyxovirus	 Galloanserae	 0	 none	 NC_025373.1	 (155)	

Avian	paramyxovirus	4	 Paramyxovirus	 Galloanserae	 0	 none	 NC_019531.1	 (155)	

Avian	paramyxovirus	5	 Paramyxovirus	 Neoaves	 0	 none	 NC_025361.1	 (155)	

Avian	paramyxovirus	6	 Paramyxovirus	 Galloanserae	 0	 none	 NC_003043.1	 (155)	

Avian	paramyxovirus	7	 Paramyxovirus	 Galloanserae	 0	 none	 NC_025347.1	 (155)	

Avian	paramyxovirus	8	 Paramyxovirus	 Galloanserae	 0	 none	 NC_025374.1	 (155)	

Avian	paramyxovirus	9	 Paramyxovirus	 Galloanserae	 0	 none	 NC_025390.1	 (155)	

Avian	paramyxovirus	penguin	 Paramyxovirus	 Neoaves	 0	 none	 NC_025349.3	 (155)	

Bat	Paramyxovirus	Eid_hel	 Paramyxovirus	 Pterobat	 0	 none	 NC_025256.1	 (156)	

Beilong	virus	 Paramyxovirus	 Rodent	 0	 none	 NC_007803.1	 (157)	

Bovine	parainfluenza	virus	3	 Paramyxovirus	 Artiodactyl	 0	 none	 NC_002161.1	 (158)	

Bovine	respiratory	syncytial	virus	 Paramyxovirus	 Artiodactyl	 0	 none	 NC_001989.1	 (159)	
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Canine	distemper	virus	 Paramyxovirus	 Carnivore	 0	 none	 NC_001921.1	 (160)	

Canine	pneumovirus	 Paramyxovirus	 Carnivore	 0	 none	 NC_025344.1	 (161)	

Cedar	virus	 Paramyxovirus	 Pterobat	 0	 none	 NC_025351.1	 (160)	

Dolphin	morbillivirus	 Paramyxovirus	 Cetacean	 0	 none	 NC_005283.1	 (162)	

Feline	morbillivirus	 Paramyxovirus	 Carnivore	 0	 none	 NC_025264.1	 (163)	

Fer-de-Lance	paramyxovirus	 Paramyxovirus	 Reptile	 0	 none	 NC_005084.2	 (164)	

Goose	paramyxovirus	SF02	 Paramyxovirus	 Galloanserae	 0	 none	 NC_005036.1	 (155)	

Hendra	virus	 Paramyxovirus	 Pterobat	 0	 none	 NC_001906.3	 (165)	

Human	metapneumovirus	 Paramyxovirus	 Primate	 0	 none	 NC_004148.2	 (166)	

Human	parainfluenza	virus	1	 Paramyxovirus	 Primate	 0	 none	 NC_003461.1	 (158)	

Human	parainfluenza	virus	2	 Paramyxovirus	 Primate	 0	 none	 NC_003443.1	 (158)	

Human	parainfluenza	virus	3	 Paramyxovirus	 Primate	 0	 none	 NC_001796.2	 (158)	

Human	respiratory	syncytial	virus	 Paramyxovirus	 Primate	 0	 none	 NC_001781.1	 (166)	

J-virus	 Paramyxovirus	 Rodent	 0	 none	 NC_007454.1	 (167)	

Mapuera	virus	 Paramyxovirus	 Vespbat	 0	 none	 NC_009489.1	 (168)	

Measles	virus	 Paramyxovirus	 Primate	 0	 none	 NC_001498.1	 (169)	

Menangle	virus	 Paramyxovirus	 Pterobat	 0	 none	 NC_007620.1	 (170)	

Mojiang	virus	 Paramyxovirus	 Rodent	 0	 none	 NC_025352.1	 (171)	

Mossman	virus	 Paramyxovirus	 Rodent	 0	 none	 NC_005339.1	 (172)	

Mumps	virus	 Paramyxovirus	 Primate	 0	 none	 NC_002200.1	 (173)	

Murine	pneumonia	virus	 Paramyxovirus	 Rodent	 0	 none	 NC_006579.1	 (174)	

Nariva	virus	 Paramyxovirus	 Rodent	 0	 none	 NC_017937.1	 (175)	

Newcastle	disease	virus	 Paramyxovirus	 Neoaves	 0	 none	 NC_002617.1	 (155,	158)	

Nipah	virus	 Paramyxovirus	 Pterobat	 0	 none	 NC_002728.1	 (165)	
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Parainfluenza	virus	5	 Paramyxovirus	 Carnivore	 0	 none	 NC_006430.1	 (158)	

Peste-des-petits-ruminants	virus	 Paramyxovirus	 Artiodactyl	 0	 none	 NC_006383.2	 (176)	

Phocine	distemper	virus	 Paramyxovirus	 Carnivore	 0	 none	 NC_028249.1	 (177)	

Porcine	parainfluenza	virus	1	 Paramyxovirus	 Artiodactyl	 0	 none	 NC_025402.1	 (178)	

Porcine	rubulavirus	 Paramyxovirus	 Artiodactyl	 0	 none	 NC_009640.1	 (179)	

Rinderpest	virus	 Paramyxovirus	 Artiodactyl	 0	 none	 NC_006296.2	 (180)	

Salem	virus	 Paramyxovirus	 Perissodactyla	 0	 none	 NC_025386.1	 (181)	

Sendai	virus	 Paramyxovirus	 Rodent	 0	 none	 NC_001552.1	 (158)	

Simian	virus	41	 Paramyxovirus	 Primate	 0	 none	 NC_006428.1	 (182)	

Sosuga	virus	 Paramyxovirus	 Pterobat	 0	 none	 NC_025343.1	 (183)	

Sunshine	virus	 Paramyxovirus	 Reptile	 0	 none	 NC_025345.1	 (184)	

Tailam	virus	 Paramyxovirus	 Rodent	 0	 none	 NC_025355.1	 (185)	

Tioman	virus	 Paramyxovirus	 Pterobat	 0	 none	 NC_004074.1	 (186)	

Tuhoko	virus	1	 Paramyxovirus	 Pterobat	 0	 none	 NC_025410.1	 (187)	

Tuhoko	virus	2	 Paramyxovirus	 Pterobat	 0	 none	 NC_025348.1	 (187)	

Tuhoko	virus	3	 Paramyxovirus	 Pterobat	 0	 none	 NC_025350.1	 (187)	

Tupaia	paramyxovirus	 Paramyxovirus	 Scandentia	 0	 none	 NC_002199.1	 (188)	

African	bat	icavirus	A	
Picornavirus	 Pterobat	 0	 none	 NC_026470.1	

BioProject:	

PRJNA275611)	

Avian	encephalomyelitis	virus	 Picornavirus	 Galloanserae	 0	 none	 NC_003990.1	 (189,	190)	

Avisivirus	Pf-CHK1/AsV	 Picornavirus	 Galloanserae	 0	 none	 NC_028970.1	 (191)	

Bat	hepatovirus	 Picornavirus	 Vespbat	 0	 none	 NC_028366.1	 (192)	

Bat	picornavirus	1	 Picornavirus	 Vespbat	 0	 none	 NC_015940.1	 (193)	

Bat	picornavirus	2	 Picornavirus	 Vespbat	 0	 none	 NC_015941.1	 (193)	
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Bat	picornavirus	3	 Picornavirus	 Pterobat	 0	 none	 NC_015934.1	 (193)	

Canine	kobuvirus	1	 Picornavirus	 Carnivore	 0	 none	 KM068050.1	 (194)	

Chicken	gallivirus	1	 Picornavirus	 Galloanserae	 0	 none	 NC_024770.1	 (195)	

Chicken	megrivirus	 Picornavirus	 Galloanserae	 0	 none	 NC_023857.1	 (191)	

Chicken	orivirus	1	 Picornavirus	 Galloanserae	 0	 none	 NC_025432.1	 (196)	

Chicken	picornavirus	1	 Picornavirus	 Galloanserae	 0	 none	 NC_024765.1	 (190)	

Chicken	picornavirus	2	 Picornavirus	 Galloanserae	 0	 none	 NC_024766.1	 (190)	

Chicken	picornavirus	3	 Picornavirus	 Galloanserae	 0	 none	 NC_024767.1	 (190)	

Chicken	picornavirus	4	 Picornavirus	 Galloanserae	 0	 none	 NC_024768.1	 (190)	

Chicken	picornavirus	5	 Picornavirus	 Galloanserae	 0	 none	 NC_024769.1	 (190)	

Chicken	proventriculitis	virus	 Picornavirus	 Galloanserae	 0	 none	 KJ690629.1	 (197)	

Chicken	sicinivirus	JSY	 Picornavirus	 Galloanserae	 0	 none	 NC_028380.1	 (191)	

Dromedary	camel	enterovirus	 Picornavirus	 Artiodactyl	 0	 NA	 KP345887.1	 (283)	

Duck	hepatitis	A	virus	 Picornavirus	 Galloanserae	 0	 none	 NC_008250.2	 (191)	

Duck	megrivirus	 Picornavirus	 Galloanserae	 0	 none	 NC_024120.1	 (191)	

Duck	picornavirus	GL/12	 Picornavirus	 Galloanserae	 0	 none	 NC_023985.1	 (198)	

Enterovirus	A71	 Picornavirus	 Primate	 0	 none	 KU254596.1	 (199)	

Falcovirus	A1	 Picornavirus	 Neoaves	 0	 none	 NC_026921.1	 (200)	

Fathead	minnow	picornavirus	 Picornavirus	 Fish	 0	 none	 NC_023437.1	 (201)	

Feline	kobuvirus	 Picornavirus	 Carnivore	 0	 none	 KJ958930.1	 (202)	

Feline	picornavirus	 Picornavirus	 Carnivore	 0	 none	 NC_016156.1	 (203)	

Feline	sakobuvirus	A	 Picornavirus	 Carnivore	 0	 none	 NC_022802.1	 (204)	

Ferret	kobuvirus	 Picornavirus	 Carnivore	 0	 none	 KF006985.1	 (205)	

Foot-and-mouth	disease	virus	-	type	A	 Picornavirus	 Artiodactyl	 0	 none	 NC_004004.1	 (189)	
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Gallivirus	Pf-CHK1/GV	 Picornavirus	 Galloanserae	 0	 none	 NC_028964.1	 (206)	

Human	enterovirus	107	 Picornavirus	 Primate	 0	 none	 AB426609.1	 (207)	

Human	poliovirus	2	 Picornavirus	 Primate	 0	 none	 KJ170575.1	 (207)	

Human	rhinovirus	B52	 Picornavirus	 Primate	 0	 none	 FJ445188.1	 (208)	

Ia	io	picornavirus	1	 Picornavirus	 Vespbat	 0	 none	 JQ814852.1	 (209)	

Lesavirus	1	 Picornavirus	 Primate	 0	 none	 NC_026315.1	 (210)	

Lesavirus	2	 Picornavirus	 Primate	 0	 none	 NC_026316.1	 (210)	

Miniopterus	schreibersii	picornavirus	1	 Picornavirus	 Vespbat	 0	 none	 JQ814851.1	 (209)	

Oscivirus	A1	 Picornavirus	 Neoaves	 0	 none	 NC_014412.1	 (191)	

Phacovirus	Pf-CHK1/PhV	 Picornavirus	 Galloanserae	 0	 none	 KT880670.1	 (206)	

Phopivirus	 Picornavirus	 Carnivore	 0	 none	 NC_027818.1	 (211)	

Rhinovirus	A	 Picornavirus	 Primate	 0	 none	 NC_001617.1	 (208)	

Rhinovirus	C	 Picornavirus	 Primate	 0	 none	 NC_009996.1	 (208)	

Salivirus	CH	 Picornavirus	 Primate	 0	 none	 JN379039.1	 (212)	

Seal	picornavirus	type	1	 Picornavirus	 Carnivore	 0	 none	 NC_009891.1	 (213)	

Sicinivirus	A	 Picornavirus	 Galloanserae	 0	 none	 NC_023861.1	 (195)	

Tupaia	hepatovirus	A	 Picornavirus	 Scandentia	 0	 none	 NC_028981.1	 (214)	

Almpiwar	virus	 Rhabdovirus	 Reptile	 ?	 unknown	 NC_025391.1	 (215)	

American	bat	vesiculovirus	TFFN-2013	 Rhabdovirus	 Vespbat	 ?	 unknown	 NC_022755.1	 (216)	

Aravan	virus	 Rhabdovirus	 Vespbat	 0	 none	 NC_020808.1	 (215)	

Arboretum	virus	 Rhabdovirus	 Orphan	 1	 mosquito	 NC_025393.1	 (217)	

Australian	bat	lyssavirus	 Rhabdovirus	 NA	 0	 none	 NC_003243.1	 (215)	

Bas-Congo	virus	 Rhabdovirus	 Orphan	 ?	 unknown	 JX297815.1	 (218)	

Berrimah	virus	 Rhabdovirus	 Artiodactyl	 1	 unknown	 NC_025358.1	 (219)	
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Bokeloh	bat	lyssavirus	 Rhabdovirus	 Vespbat	 0	 none	 NC_025251.1	 (220)	

Bovine	ephemeral	fever	virus	 Rhabdovirus	 Artiodactyl	 1	 unknown	 NC_002526.1	 (219)	

Chandipura	virus	 Rhabdovirus	 Orphan	 1	 sandfly	 NC_020805.1	 (215,	221)	

Coastal	Plains	virus	 Rhabdovirus	 Artiodactyl	 1	 midge	 NC_025397.1	 (222)	

Culex	tritaeniorhynchus	rhabdovirus	 Rhabdovirus	 Insect	 0	 mosquito	 NC_025384.1	 (223)	

Curionopolis	virus	 Rhabdovirus	 Orphan	 1	 midge	 NC_025354.1	 (224)	

Dolphin	rhabdovirus	 Rhabdovirus	 Cetacean	 0	 none	 NC_025406.1	 (225)	

Drosophila	melanogaster	sigmavirus	 Rhabdovirus	 Insect	 0	 fruit	fly	 NC_013135.1	 (226)	

Drosophila	obscura	sigmavirus	 Rhabdovirus	 Insect	 0	 fruit	fly	 NC_022580.1	 (227)	

Duvenhage	virus	 Rhabdovirus	 Vespbat	 0	 none	 NC_020810.1	 (215)	

Eel	virus	European	X	 Rhabdovirus	 Fish	 0	 none	 NC_022581.1	 (215)	

Eggplant	mottled	dwarf	virus	
Rhabdovirus	 Plant	 1	

leafhoppe

r	 NC_025389.1	 (228)	

European	bat	lyssavirus	1	 Rhabdovirus	 Vespbat	 0	 none	 NC_009527.1	 (215)	

European	bat	lyssavirus	2	 Rhabdovirus	 Vespbat	 0	 none	 NC_009528.2	 (215)	

Farmington	virus	 Rhabdovirus	 Neoaves	 1	 unknown	 NC_025253.1	 (229)	

Fikirini	bat	rhabdovirus	 Rhabdovirus	 Pterobat	 0	 none	 NC_025341.1	 (230)	

Grass	carp	rhabdovirus	V76	 Rhabdovirus	 Fish	 0	 none	 NC_025376.1	 (231)	

Hirame	rhabdovirus	 Rhabdovirus	 Fish	 0	 none	 NC_005093.1	 (215)	

Hybrid	snakehead	virus	 Rhabdovirus	 Fish	 0	 none	 KP876483.1	 (232)	

Ikoma	lyssavirus	 Rhabdovirus	 Orphan	 0	 none	 NC_018629.1	 (233)	

Infectious	hematopoietic	necrosis	virus	 Rhabdovirus	 Fish	 0	 none	 NC_001652.1	 (215)	

Irkut	virus	 Rhabdovirus	 Vespbat	 0	 none	 NC_020809.1	 (215)	

Isfahan	virus	 Rhabdovirus	 Rodent	 1	 sandfly	 NC_020806.1	 (234)	
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Jurona	virus	 Rhabdovirus	 Orphan	 1	 mosquito	 NC_025392.1	 (235)	

Khujand	virus	 Rhabdovirus	 Vespbat	 0	 none	 NC_025385.1	 (215)	

Kimberley	virus	 Rhabdovirus	 Artiodactyl	 1	 unknown	 NC_025396.1	 (215,	236)	

Kolente	virus	 Rhabdovirus	 Orphan	 1	 tick	 NC_025342.1	 (237)	

Kotonkan	virus	 Rhabdovirus	 Orphan	 1	 midge	 NC_017714.1	 (238)	

Lagos	bat	virus	 Rhabdovirus	 Pterobat	 0	 none	 NC_020807.1	 (215)	

Lettuce	necrotic	yellows	virus	 Rhabdovirus	 Plant	 1	 aphid	 NC_007642.1	 (215)	

Lettuce	yellow	mottle	virus	 Rhabdovirus	 Plant	 1	 unknown	 NC_011532.1	 (215)	

Long	Island	tick	rhabdovirus	 Rhabdovirus	 Orphan	 1	 tick	 NC_025340.1	 (239)	

Lyssavirus	Ozernoe	 Rhabdovirus	 NA	 0	 none	 NC_025408.1	 (240)	

Maize	fine	streak	virus	
Rhabdovirus	 Plant	 1	

leafhoppe

r	 NC_005974.1	 (215)	

Maize	Iranian	mosaic	virus	
Rhabdovirus	 Plant	 1	

planthop

per	 NC_011542.1	 (241)	

Maize	mosaic	virus	
Rhabdovirus	 Plant	 1	

planthop

per	 NC_005975.1	 (241)	

Malakal	virus	 Rhabdovirus	 Orphan	 1	 mosquito	 NC_025400.1	 (236)	

Malpais	Spring	virus	 Rhabdovirus	 Orphan	 1	 mosquito	 NC_025364.1	 (242)	

Maraba	virus	 Rhabdovirus	 Orphan	 1	 sandfly	 NC_025255.1	 (243)	

Mokola	virus	 Rhabdovirus	 Orphan	 0	 none	 NC_006429.1	 (215)	

Moussa	virus	 Rhabdovirus	 Orphan	 1	 mosquito	 NC_025359.1	 (244)	

Ngaingan	virus	 Rhabdovirus	 Macropod	 1	 midge	 NC_013955.1	 (245)	

Niakha	virus	 Rhabdovirus	 Orphan	 1	 sandfly	 NC_025405.1	 (246)	



Genomic prediction of viral origins     Babayan et al.  

Northern	cereal	mosaic	virus	
Rhabdovirus	 Plant	 1	

planthop

per	 NC_002251.1	 (215)	

Oak-Vale	virus	 Rhabdovirus	 Orphan	 1	 mosquito	 NC_025399.1	 (215,	247)	

Obodhiang	virus	 Rhabdovirus	 Orphan	 1	 mosquito	 NC_017685.1	 (238)	

Perch	rhabdovirus	 Rhabdovirus	 Fish	 0	 none	 NC_020803.1	 (248)	

Perinet	virus	 Rhabdovirus	 Orphan	 1	 mosquito	 NC_025394.1	 (215)	

Persimmon	virus	A	 Rhabdovirus	 Plant	 1	 unknown	 NC_018381.2	 (249)	

Pike	fry	rhabdovirus	 Rhabdovirus	 Fish	 0	 none	 NC_025356.1	 (215)	

Potato	yellow	dwarf	virus	
Rhabdovirus	 Plant	 1	

leafhoppe

r	 NC_016136.1	 (241)	

Puerto	Almendras	virus	 Rhabdovirus	 Orphan	 1	 mosquito	 NC_025395.1	 (217)	

Rabies	virus	(Arctic	fox)	 Rhabdovirus	 Carnivore	 0	 none	 JQ685970.1	 (251)	

Rabies	virus	(California	skunk)	 Rhabdovirus	 Carnivore	 0	 none	 JQ685968.1	 (250)	

Rabies	virus	(Crab-eating	fox)	 Rhabdovirus	 Carnivore	 0	 none	 KM594039.1	 (252)	

Rabies	virus	(Domestic	dog)	 Rhabdovirus	 Carnivore	 0	 none	 JQ685967.1	 (253)	

Rabies	virus	(Ferret	badger)	 Rhabdovirus	 Carnivore	 0	 none	 KF620489.1	 (254)	

Rabies	virus	(North	central	skunk)	 Rhabdovirus	 Carnivore	 0	 none	 JQ685901.1	 (250)	

Rabies	virus	(Raccoon	dog)	 Rhabdovirus	 Carnivore	 0	 none	 KF155002.1	 (253)	

Rabies	virus	(Red	fox)	 Rhabdovirus	 Carnivore	 0	 none	 KF154997.1	 (255)	

Rabies	virus	(South	central	skunk)	 Rhabdovirus	 Carnivore	 0	 none	 KU198477.1	 (250)	

Rabies	virus	isolate	(Raccoon)	 Rhabdovirus	 Carnivore	 0	 none	 LN879481.2	 (250)	

Rice	yellow	stunt	virus	
Rhabdovirus	 Plant	 1	

leafhoppe

r	 NC_003746.1	 (215)	

Scophthalmus	maximus	rhabdovirus	 Rhabdovirus	 Fish	 0	 none	 NC_025387.1	 (215)	
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Shimoni	bat	virus	 Rhabdovirus	 Pterobat	 0	 none	 NC_025365.1	 (256)	

Siniperca	chuatsi	rhabdovirus	 Rhabdovirus	 Fish	 0	 none	 NC_008514.1	 (215)	

Snakehead	virus	 Rhabdovirus	 Fish	 0	 none	 NC_000903.1	 (215)	

Sonchus	yellow	net	virus	 Rhabdovirus	 Plant	 1	 aphid	 NC_001615.3	 (215)	

Spodoptera	frugiperda	rhabdovirus	
Rhabdovirus	 Insect	 0	

lepidopte

ra	 NC_025382.1	 (257)	

Spring	viraemia	of	carp	virus	 Rhabdovirus	 Fish	 0	 none	 NC_002803.1	 (215)	

Sunguru	virus	 Rhabdovirus	 Galloanserae	 0	 none	 NC_025401.1	 (258)	

Taro	vein	chlorosis	virus	 Rhabdovirus	 Plant	 1	 unknown	 NC_006942.1	 (215)	

Tench	rhabdovirus	S64	 Rhabdovirus	 Fish	 0	 none	 NC_025371.1	 (231)	

Tibrogargan	virus	 Rhabdovirus	 Artiodactyl	 1	 midge	 NC_020804.1	 (222)	

Tupaia	virus	 Rhabdovirus	 Scandentia	 0	 none	 NC_007020.1	 (215)	

Vesicular	stomatitis	Alagoas	virus	 Rhabdovirus	 Artiodactyl	 1	 sandfly	 NC_025353.1	 (215)	

Vesicular	stomatitis	Indiana	virus	 Rhabdovirus	 Artiodactyl	 1	 sandfly	 NC_001560.1	 (215)	

Vesicular	stomatitis	New	Jersey	virus	 Rhabdovirus	 Artiodactyl	 1	 sandfly	 NC_024473.1	 (215)	

Viral	hemorrhagic	septicemia	virus	 Rhabdovirus	 Fish	 0	 none	 NC_000855.1	 (259)	

West	Caucasian	bat	virus	 Rhabdovirus	 Vespbat	 0	 none	 NC_025377.1	 (215)	

Wongabel	virus	 Rhabdovirus	 Orphan	 1	 midge	 NC_011639.1	 (260)	

Xiburema	virus	 Rhabdovirus	 Orphan	 1	 mosquito	 NC_025362.1	 (261)	

Yug	Bogdanovac	virus	 Rhabdovirus	 Orphan	 1	 sandfly	 NC_025378.1	 (262)	

Aura	virus	 Togavirus	 Orphan	 1	 mosquito	 NC_003900.1	 (263)	

Babanki	virus	 Togavirus	 Neoaves	 1	 mosquito	 HM147984.1	 (264)	

Barmah	Forest	virus	 Togavirus	 Orphan	 1	 mosquito	 NC_001786.1	 (265)	

Bebaru	virus	 Togavirus	 Orphan	 1	 mosquito	 NC_016962.1	 (266)	
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Buggy	Creek	virus	 Togavirus	 Neoaves	 1	 cimicid	 HM147986.1	 (264)	

Chikungunya	virus	 Togavirus	 Primate	 1	 mosquito	 NC_004162.2	 (267)	

Eastern	equine	encephalitis	virus	 Togavirus	 Neoaves	 1	 mosquito	 NC_003899.1	 (268)	

Eilat	virus	 Togavirus	 Insect	 0	 mosquito	 NC_018615.1	 (269)	

Fort	Morgan	virus	 Togavirus	 Neoaves	 1	 cimicid	 NC_013528.1	 (268)	

Getah	virus	 Togavirus	 Orphan	 1	 mosquito	 NC_006558.1	 (268)	

Highlands	J	virus	 Togavirus	 Neoaves	 1	 mosquito	 NC_012561.1	 (268)	

Kyzylagach	virus	 Togavirus	 Orphan	 1	 mosquito	 KF981618.1	 (268)	

Madariaga	virus	 Togavirus	 Neoaves	 1	 unknown	 NC_023812.1	 (270,	271)	

Mayaro	virus	 Togavirus	 Orphan	 1	 mosquito	 NC_003417.1	 (272)	

Middelburg	virus	 Togavirus	 Orphan	 1	 mosquito	 NC_024887.1	 (266)	

Ndumu	virus	 Togavirus	 Orphan	 1	 mosquito	 NC_016959.1	 (273)	

O'nyong-nyong	virus	 Togavirus	 Orphan	 1	 mosquito	 NC_001512.1	 (268)	

Ockelbo	virus	 Togavirus	 Neoaves	 1	 mosquito	 M69205.1	 (274)	

Ross	River	virus	 Togavirus	 Diprotodontia	 1	 mosquito	 GQ433354.1	 (265)	

Rubella	virus	 Togavirus	 Primate	 0	 none	 NC_001545.2	 (268)	

Sagiyama	virus	 Togavirus	 Artiodactyl	 1	 mosquito	 AB032553.1	 (268)	

Salmon	pancreas	disease	virus	 Togavirus	 Fish	 1	 louse	 NC_003930.1	 (268)	

Semliki	Forest	virus	 Togavirus	 Neoaves	 1	 mosquito	 NC_003215.1	 (268)	

Sindbis	virus	 Togavirus	 Neoaves	 1	 mosquito	 NC_001547.1	 (275,	276)	

Southern	elephant	seal	virus	 Togavirus	 Carnivore	 1	 louse	 NC_016960.1	 (268)	

Una	virus	 Togavirus	 Primate	 1	 mosquito	 HM147992.1	 (277)	

Venezuelan	equine	encephalitis	virus	 Togavirus	 Rodent	 1	 mosquito	 NC_001449.1	 (268)	

Western	equine	encephalitis	virus	 Togavirus	 Neoaves	 1	 mosquito	 NC_003908.1	 (278)	
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Whataroa	virus	 Togavirus	 Neoaves	 1	 mosquito	 NC_016961.1	 (279)	
	
*	Table	includes	viruses	from	reservoir	groups	that	were	excluded	from	main	analyses	of	reservoirs	based	on	small	sample	size.	These	viruses	were	
still	included	in	predictions	of	vector-borne	transmission,	when	appropriate.		
**	Table	includes	viruses	from	vector	groups	that	were	excluded	from	analyses	of	vector	taxonomy	based	on	small	sample	size.	These	viruses	were	
included	in	predictions	of	reservoir	hosts	and	vector-borne	transmission,	when	appropriate.	
		
Table	S1	References	
1.		 A.	C.	Moncayo	et	al.,	Allpahuayo	virus:	a	newly	recognized	arenavirus	(Arenaviridae)	from	arboreal	rice	rats	(Oecomys	bicolor	and	Oecomys	

paricola)	in	northeastern	Peru.	Virology.	284,	277–286	(2001).	
2.		 R.	N.	Charrel,	X.	de	Lamballerie,	S.	Emonet,	Phylogeny	of	the	genus	Arenavirus.	Curr.	Opin.	Microbiol.	11,	362–368	(2008).	
3.		 C.	C.	Inizan	et	al.,	Genetic	evidence	for	a	tacaribe	serocomplex	virus,	Mexico.	Emerg.	Infect.	Dis.	16,	1007–1010	(2010).	
4.		 M.	L.	Milazzo	et	al.,	Diversity	among	Tacaribe	serocomplex	viruses	(family	Arenaviridae)	naturally	associated	with	the	white-throated	

woodrat	(Neotoma	albigula)	in	the	southwestern	United	States.	Vector-borne	zoonotic	Dis.	8,	523–540	(2008).	
5.		 M.	D.	Stenglein	et	al.,	Identification,	characterization,	and	in	vitro	culture	of	highly	divergent	arenaviruses	from	boa	constrictors	and	

annulated	tree	boas:	candidate	etiological	agents	for	snake	inclusion	body	disease.	MBio.	3,	e00180-12	(2012).	
6.		 K.	R.	Blasdell	et	al.,	Evidence	of	human	infection	by	a	new	mammarenavirus	endemic	to	Southeastern	Asia.	Elife.	5,	e13135	(2016).	
7.		 F.	Bordes,	A.	Caron,	K.	Blasdell,	M.	de	Garine-Wichatitsky,	S.	Morand,	Forecasting	potential	emergence	of	zoonotic	diseases	in	South-East	

Asia:	Network	analysis	identifies	key	rodent	hosts.	J.	Appl.	Ecol.	(2016),	doi:10.1111/1365-2664.12804.	
8.		 J.	F.	Koellhoffer	et	al.,	Structural	characterization	of	the	glycoprotein	GP2	core	domain	from	the	CAS	virus,	a	novel	arenavirus-like	species.	J.	

Mol.	Biol.	426,	1452–1468	(2014).	
9.		 R.	N.	Charrel,	X.	de	Lamballerie,	Zoonotic	aspects	of	arenavirus	infections.	Vet.	Microbiol.	140,	213–220	(2010).	
10.		 S.	Delgado	et	al.,	Chapare	virus,	a	newly	discovered	arenavirus	isolated	from	a	fatal	hemorrhagic	fever	case	in	Bolivia.	PLoS	Pathog.	4,	

e1000047	(2008).	
11.		 S.	Gryseels	et	al.,	Gairo	virus,	a	novel	arenavirus	of	the	widespread	Mastomys	natalensis:	Genetically	divergent,	but	ecologically	similar	to	

Lassa	and	Morogoro	viruses.	Virology.	476,	249–256	(2015).	
12.		 D.	Coulibaly-N’Golo	et	al.,	Novel	arenavirus	sequences	in	Hylomyscus	sp.	and	Mus	(Nannomys)	setulosus	from	Cote	d’Ivoire:	Implications	for	

evolution	of	arenaviruses	in	Africa.	PLoS	One.	6,	e20893	(2011).	
13.		 C.	F.	Fulhorst	et	al.,	Natural	rodent	host	associations	of	Guanarito	and	pirital	viruses	(Family	Arenaviridae)	in	central	Venezuela.	Am.	J.	Trop.	

Med.	Hyg.	61,	325–330	(1999).	
14.		 J.	T.	Paweska	et	al.,	Nosocomial	outbreak	of	novel	arenavirus	infection,	southern	Africa.	Emerg	Infect	Dis.	15,	1598–1602	(2009).	
15.		 A.	Ishii	et	al.,	Novel	arenavirus,	zambia.	Emerg	Infect	Dis.	17,	1921–1924	(2011).	
16.		 A.	Ishii	et	al.,	Molecular	surveillance	and	phylogenetic	analysis	of	Old	World	arenaviruses	in	Zambia.	J.	Gen.	Virol.	93,	2247–2251	(2012).	
17.		 G.	Palacios	et	al.,	Genomic	and	phylogenetic	characterization	of	Merino	Walk	virus,	a	novel	arenavirus	isolated	in	South	Africa.	J.	Gen.	Virol.	



Genomic prediction of viral origins     Babayan et al.  

91,	1315–1324	(2010).	
18.		 M.	N.	B.	Cajimat,	M.	L.	Milazzo,	R.	D.	Bradley,	C.	F.	Fulhorst,	Ocozocoautla	de	Espinosa	virus	and	hemorrhagic	fever,	Mexico.	Emerg.	Infect.	

Dis.	18,	401–405	(2012).	
19.		 J.	Salazar-Bravo,	L.	A.	Ruedas,	T.	L.	Yates,	in	Arenaviruses	I	(Springer,	2002),	pp.	25–63.	
20.		 U.	Hetzel	et	al.,	Isolation,	identification,	and	characterization	of	novel	arenaviruses,	the	etiological	agents	of	boid	inclusion	body	disease.	J.	

Virol.	87,	10918–10935	(2013).	
21.		 K.	Li	et	al.,	Isolation	and	characterization	of	a	novel	arenavirus	harbored	by	Rodents	and	Shrews	in	Zhejiang	province,	China.	Virology.	476,	

37–42	(2015).	
22.		 C.	H.	Calisher,	in	The	Bunyaviridae	(Springer,	1996),	pp.	1–17.	
23.		 R.	M.	Elliott,	Emerging	viruses:	the	Bunyaviridae.	Mol.	Med.	3,	572	(1997).	
24.		 A.	Plyusnin,	S.	P.	Morzunov,	in	Hantaviruses	(Springer,	2001),	pp.	47–75.	
25.		 A.	S.	de	Oliveira	et	al.,	Characterization	of	Bean	necrotic	mosaic	virus:	A	member	of	a	novel	evolutionary	lineage	within	the	genus	

Tospovirus.	PLoS	One.	7,	e38634	(2012).	
26.		 R.	S.	Lanciotti	et	al.,	Isolation	of	a	novel	orthobunyavirus	(Brazoran	virus)	with	a	1.7	kb	S	segment	that	encodes	a	unique	nucleocapsid	

protein	possessing	two	putative	functional	domains.	Virology.	444,	55–63	(2013).	
27.		 G.	Palacios	et	al.,	Characterization	of	the	Candiru	antigenic	complex	(Bunyaviridae:	Phlebovirus),	a	highly	diverse	and	reassorting	group	of	

viruses	affecting	humans	in	tropical	America.	J.	Virol.	85,	3811–3820	(2011).	
28.		 L.	A.	McMichael,	D.	M.	Persley,	J.	E.	Thomas,	A	new	tospovirus	serogroup	IV	species	infecting	capsicum	and	tomato	in	Queensland,	Australia.	

Australas.	Plant	Pathol.	31,	231–239	(2002).	
29.		 Ö.	Ergönül,	Crimean-Congo	haemorrhagic	fever.	Lancet	Infect.	Dis.	6,	203–214	(2006).	
30.		 B.	Klempa	et	al.,	Complex	evolution	and	epidemiology	of	Dobrava-Belgrade	hantavirus:	definition	of	genotypes	and	their	characteristics.	

Arch.	Virol.	158,	521–529	(2013).	
31.		 T.	S.	David-West,	J.	S.	Porterfield,	Dugbe	Virus:	a	Tick-borne	Arbovirus	from	Nigeria.	J.	Gen.	Virol.	23,	297–307	(1974).	
32.		 M.	Marklewitz,	F.	Zirkel,	A.	Kurth,	C.	Drosten,	S.	Junglen,	Evolutionary	and	phenotypic	analysis	of	live	virus	isolates	suggests	arthropod	origin	

of	a	pathogenic	RNA	virus	family.	Proc.	Natl.	Acad.	Sci.	112,	7536–7541	(2015).	
33.		 M.	Marklewitz	et	al.,	Gouleako	virus	isolated	from	West	African	mosquitoes	constitutes	a	proposed	novel	genus	in	the	family	Bunyaviridae.	J.	

Virol.	85,	9227–9234	(2011).	
34.		 T.	L.	German,	D.	E.	Ullman,	J.	W.	Moyer,	Tospoviruses:	diagnosis,	molecular	biology,	phylogeny,	and	vector	relationships.	Annu.	Rev.	

Phytopathol.	30,	315–348	(1992).	
35.		 A.	M.	Bosco-Lauth	et	al.,	Serological	Investigation	of	Heartland	Virus	(Bunyaviridae:	Phlebovirus)	Exposure	in	Wild	and	Domestic	Animals	

Adjacent	to	Human	Case	Sites	in	Missouri	2012–2013.	Am.	J.	Trop.	Med.	Hyg.	92,	1163–1167	(2015).	
36.		 M.	K.	Borucki,	B.	J.	Kempf,	B.	J.	Blitvich,	C.	D.	Blair,	B.	J.	Beaty,	La	Crosse	virus:	replication	in	vertebrate	and	invertebrate	hosts.	Microbes	

Infect.	4,	341–350	(2002).	
37.		 A.	Ishii	et	al.,	A	nairovirus	isolated	from	African	bats	causes	haemorrhagic	gastroenteritis	and	severe	hepatic	disease	in	mice.	Nat.	Commun.	



Genomic prediction of viral origins     Babayan et al.  

5	(2014).	
38.		 A.	Swei	et	al.,	The	genome	sequence	of	Lone	Star	virus,	a	highly	divergent	bunyavirus	found	in	the	Amblyomma	americanum	tick.	PLoS	One.	

8,	e62083	(2013).	
39.		 D.	T.	Mourya	et	al.,	Malsoor	virus,	a	novel	bat	phlebovirus,	is	closely	related	to	severe	fever	with	thrombocytopenia	syndrome	virus	and	

heartland	virus.	J.	Virol.	88,	3605–3609	(2014).	
40.		 P.	J.	Gauci	et	al.,	Genomic	characterisation	of	three	Mapputta	group	viruses,	a	serogroup	of	Australian	and	Papua	New	Guinean	

bunyaviruses	associated	with	human	disease.	PLoS	One.	10,	e0116561	(2015).	
41.		 H.	R.	Pappu,	R.	A.	C.	Jones,	R.	K.	Jain,	Global	status	of	tospovirus	epidemics	in	diverse	cropping	systems:	successes	achieved	and	challenges	

ahead.	Virus	Res.	141,	219–236	(2009).	
42.		 J.	Meng	et	al.,	Complete	genome	sequence	of	Mulberry	vein	banding	associated	virus,	a	new	tospovirus	infecting	mulberry.	PLoS	One.	10,	

e0136196	(2015).	
43.		 L.	L.	Coffey	et	al.,	Enhanced	arbovirus	surveillance	with	deep	sequencing:	Identification	of	novel	rhabdoviruses	and	bunyaviruses	in	

Australian	mosquitoes.	Virology.	448,	146–158	(2014).	
44.		 M.	Pepin,	M.	Bouloy,	B.	H.	Bird,	A.	Kemp,	J.	Paweska,	Rift	Valley	fever	virus	(Bunyaviridae:	Phlebovirus):	an	update	on	pathogenesis,	

molecular	epidemiology,	vectors,	diagnostics	and	prevention.	Vet.	Res.	41,	61	(2010).	
45.		 G.	Niu	et	al.,	Severe	fever	with	thrombocytopenia	syndrome	virus	among	domesticated	animals,	China.	Emerg	Infect	Dis.	19,	756–763	

(2013).	
46.		 J.-W.	Song,	L.	J.	Baek,	C.	S.	Schmaljohn,	R.	Yanagihara,	Thottapalayam	virus,	a	prototype	shrewborne	hantavirus.	Emerg.	Infect.	Dis.	13,	980	

(2007).	
47.		 G.	Parrella,	P.	Gognalons,	K.	Gebre-Selassie,	C.	Vovlas,	G.	Marchoux,	An	update	of	the	host	range	of	Tomato	spotted	wilt	virus.	J.	Plant	

Pathol.,	227–264	(2003).	
48.		 J.-H.	Dong	et	al.,	Characterization	of	tomato	zonate	spot	virus,	a	new	tospovirus	in	China.	Arch.	Virol.	153,	855–864	(2008).	
49.		 R.	M.	Elliott,	The	bunyaviridae	(Springer	Science	&	Business	Media,	2013).	
50.		 Z.	Hubalek,	J.	Halouzka,	Arthropod-borne	viruses	of	vertebrates	in	Europe.	Prirodoved.	Pr.	Ust.	Akad.	Ved	Ces.	Republiky	v	Brne.	30,	1–95	

(1996).	
51.		 F.-H.	Chu,	C.-H.	Chao,	M.-H.	Chung,	C.-C.	Chen,	S.-D.	Yeh,	Completion	of	the	genome	sequence	of	Watermelon	silver	mottle	virus	and	

utilization	of	degenerate	primers	for	detecting	tospoviruses	in	five	serogroups.	Phytopathology.	91,	361–368	(2001).	
52.		 A.	B.	Mikalsen	et	al.,	Characterization	of	a	novel	calicivirus	causing	systemic	infection	in	atlantic	salmon	(Salmo	salar	L.):	proposal	for	a	new	

genus	of	caliciviridae.	PLoS	One.	9,	e107132	(2014).	
53.		 H.	Tse	et	al.,	Discovery	and	genomic	characterization	of	a	novel	bat	sapovirus	with	unusual	genomic	features	and	phylogenetic	position.	PLoS	

One.	7,	e34987	(2012).	
54.		 Y.	L’Homme	et	al.,	Genomic	characterization	of	swine	caliciviruses	representing	a	new	genus	of	Caliciviridae.	Virus	Genes.	39,	66–75	(2009).	
55.		 Y.	Matsuura	et	al.,	Complete	Nucleotide	Sequence,	Genome	Organization	and	Phylogenic	Analysis	of	the	Canine	Calicivirus.	Virus	Genes.	25,	

67–73	(2002).	



Genomic prediction of viral origins     Babayan et al.  

56.		 S.	Wolf	et	al.,	Discovery	and	genetic	characterization	of	novel	caliciviruses	in	German	and	Dutch	poultry.	Arch.	Virol.	157,	1499–1507	(2012).	
57.		 C.	Billinis	et	al.,	European	brown	hare	syndrome	in	wild	European	brown	hares	from	Greece.	J.	Wildl.	Dis.	41,	783–786	(2005).	
58.		 A.	D.	Radford,	K.	P.	Coyne,	S.	Dawson,	C.	J.	Porter,	R.	M.	Gaskell,	Feline	calicivirus.	Vet.	Res.	38,	319–35	(2007).	
59.		 Q.	Liao,	X.	Wang,	D.	Wang,	D.	Zhang,	Complete	genome	sequence	of	a	novel	calicivirus	from	a	goose.	Arch.	Virol.	159,	2529–31	(2014).	
60.		 M.	Guo,	J.	F.	Evermann,	L.	J.	Saif,	Detection	and	molecular	characterization	of	cultivable	caliciviruses	from	clinically	normal	mink	and	enteric	

caliciviruses	associated	with	diarrhea	in	mink.	Arch.	Virol.	146,	479–493	(2001).	
61.		 B.	Yang	et	al.,	Complete	genome	sequence	of	a	mink	calicivirus	in	China.	J.	Virol.	86,	13835	(2012).	
62.		 C.	E.	Wobus,	L.	B.	Thackray,	H.	W.	Virgin,	Murine	Norovirus:	a	Model	System	To	Study	Norovirus	Biology	and	Pathogenesis.	J.	Virol.	80,	5104–

5112	(2006).	
63.		 S.	L.	Oliver,	E.	Asobayire,	A.	M.	Dastjerdi,	J.	C.	Bridger,	Genomic	characterization	of	the	unclassified	bovine	enteric	virus	Newbury	agent-1	

(Newbury1)	endorses	a	new	genus	in	the	family	Caliciviridae.	Virology.	350,	240–50	(2006).	
64.		 A.	M.	Hutson,	R.	L.	Atmar,	M.	K.	Estes,	Norovirus	disease:	changing	epidemiology	and	host	susceptibility	factors.	Trends	Microbiol.	12,	279–

287	(2004).	
65.		 Q.-H.	Wang	et	al.,	Porcine	Noroviruses	Related	to	Human	Noroviruses.	Emerg.	Infect.	Dis.	11,	1874	(2005).	
66.		 D.	Schmid	et	al.,	A	foodborne	norovirus	outbreak	due	to	manually	prepared	salad,	Austria	2006.	Infection.	35,	232–239	(2007).	
67.		 H.	Tse	et	al.,	Complete	genome	sequences	of	novel	canine	noroviruses	in	Hong	Kong.	J.	Virol.	86,	9531–2	(2012).	
68.		 P.	Pinto	et	al.,	Discovery	and	genomic	characterization	of	noroviruses	from	a	gastroenteritis	outbreak	in	domestic	cats	in	the	US.	PLoS	One.	

7,	e32739	(2012).	
69.		 L.	Lindesmith	et	al.,	“Human	susceptibility	and	resistance	to	Norwalk	virus	infection.”	(2003),	,	doi:10.1038/nm860.	
70.		 M.	Kitajima	et	al.,	Seasonal	Distribution	and	Genetic	Diversity	of	Genogroups	I,	II,	and	IV	Noroviruses	in	the	Tamagawa	River,	Japan.	Environ.	

Sci.	Technol.	44,	7116–7122	(2010).	
71.		 J.	das	Merces	Hernandez	et	al.,	Genetic	diversity	of	porcine	sapoviruses	in	pigs	from	the	Amazon	region	of	Brazil.	Arch.	Virol.	159,	927–33	

(2014).	
72.		 T.	Strive,	J.	D.	Wright,	A.	J.	Robinson,	Identification	and	partial	characterisation	of	a	new	Lagovirus	in	Australian	wild	rabbits.	Virology.	384,	

97–105	(2009).	
73.		 T.	Merchán	et	al.,	Detection	of	rabbit	haemorrhagic	disease	virus	(RHDV)	in	nonspecific	vertebrate	hosts	sympatric	to	the	European	wild	

rabbit	(Oryctolagus	cuniculus).	Infect.	Genet.	Evol.	11,	1469–74	(2011).	
74.		 J.	Abrantes,	W.	van	der	Loo,	J.	Le	Pendu,	P.	J.	Esteves,	Rabbit	haemorrhagic	disease	(RHD)	and	rabbit	haemorrhagic	disease	virus	(RHDV):	a	

review.	Vet.	Res.	43	(2012),	p.	12.	
75.		 J.	M.	Martín-Alonso	et	al.,	Isolation	and	characterization	of	a	new	Vesivirus	from	rabbits.	Virology.	337,	373–83	(2005).	
76.		 C.	Sandoval-Jaime,	G.	I.	Parra,	A.	W.	Smith,	K.	Y.	Green,	S.	V	Sosnovtsev,	Genetic	characterization	of	a	reptilian	calicivirus	(Cro1).	Virol.	J.	9,	

297	(2012).	
77.		 J.	Neill,	R.	Meyer,	B.	Seal,	Genetic	relatedness	of	the	caliciviruses:	San	Miguel	sea	lion	and	vesicular	exanthema	of	swine	viruses	constitute	a	

single	genotype	within	the	Caliciviridae.	J.	Virol.	69,	4484–4488	(1995).	



Genomic prediction of viral origins     Babayan et al.  

78.		 J.	D.	Neill,	The	Complete	Genome	Sequence	of	the	San	Miguel	Sea	Lion	Virus-8	Reveals	that	It	Is	Not	a	Member	of	the	Vesicular	Exanthema	
of	Swine	Virus/San	Miguel	Sea	Lion	Virus	Species	of	the	Caliciviridae.	Genome	Announc.	2,	e01286-14	(2014).	

79.		 T.	Oka,	Q.	Wang,	K.	Katayama,	L.	J.	Saif,	Comprehensive	review	of	human	sapoviruses.	Clin.	Microbiol.	Rev.	28,	32–53	(2015).	
80.		 T.	Farkas	et	al.,	Genetic	diversity	among	sapoviruses.	Arch.	Virol.	149,	1309–1323	(2004).	
81.		 S.	Go,	I.	D.	O.	Hisayuki,	M.	K.	Masahiro	KIUCHI,	Y.	T.	Kazuhiko	KATAYAMA,	Characterization	of	St-Valerien-like	virus	genome	detected	in	

Japan.	J.	Vet.	Med.	Sci.	76,	1045	(2014).	
82.		 S.	D.	McClenahan	et	al.,	Genomic	characterization	of	novel	marine	vesiviruses	from	Steller	sea	lions	(Eumetopias	jubatus)	from	Alaska.	Virus	

Res.	138,	26–35	(2008).	
83.		 T.	Farkas,	K.	Sestak,	C.	Wei,	X.	Jiang,	Characterization	of	a	rhesus	monkey	calicivirus	representing	a	new	genus	of	Caliciviridae.	J.	Virol.	82,	

5408–5416	(2008).	
84.		 A.	W.	Smith,	D.	E.	Skilling,	N.	Cherry,	J.	H.	Mead,	D.	O.	Matson,	Calicivirus	emergence	from	ocean	reservoirs:	zoonotic	and	interspecies	

movements.	Emerg.	Infect.	Dis.	4,	13	(1998).	
85.		 F.-M.	Miao	et	al.,	Novel	calicivirus	from	a	ferret	badger	(Melogale	moschata)	in	China.	Arch.	Virol.	160,	1797–800	(2015).	
86.		 L.	Ganova-Raeva,	A.	W.	Smith,	H.	Fields,	Y.	Khudyakov,	New	Calicivirus	isolated	from	walrus.	Virus	Res.	102,	207–13	(2004).	
87.		 A.	N.	Vlasova	et	al.,	Molecular	characterization	of	a	new	species	in	the	genus	Alphacoronavirus	associated	with	mink	epizootic	catarrhal	

gastroenteritis.	J.	Gen.	Virol.	92,	1369–1379	(2011).	
88.		 X.	C.	Tang	et	al.,	Prevalence	and	genetic	diversity	of	coronaviruses	in	bats	from	China.	J.	Virol.	80,	7481–7490	(2006).	
89.		 D.	K.	W.	Chu,	J.	S.	M.	Peiris,	H.	Chen,	Y.	Guan,	L.	L.	M.	Poon,	Genomic	characterizations	of	bat	coronaviruses	(1A,	1B	and	HKU8)	and	evidence	

for	co-infections	in	Miniopterus	bats.	J.	Gen.	Virol.	89,	1282–1287	(2008).	
90.		 J.	F.	Drexler	et	al.,	Genomic	Characterization	of	Severe	Acute	Respiratory	Syndrome-Related	Coronavirus	in	European	Bats	and	Classification	

of	Coronaviruses	Based	on	Partial	RNA-Dependent	RNA	Polymerase	Gene	Sequences.	J.	Virol.	84,	11336–11349	(2010).	
91.		 S.	K.	P.	Lau	et	al.,	Recent	transmission	of	a	novel	alphacoronavirus,	bat	coronavirus	HKU10,	from	Leschenault’s	rousettes	to	pomona	leaf-

nosed	bats:	first	evidence	of	interspecies	transmission	of	coronavirus	between	bats	of	different	suborders.	J.	Virol.	86,	11906–18	(2012).	
92.		 P.	C.	Y.	Woo	et	al.,	Molecular	diversity	of	coronaviruses	in	bats.	Virology.	351,	180–7	(2006).	
93.		 K.	A.	Mihindukulasuriya,	G.	Wu,	J.	S.	Leger,	R.	W.	Nordhausen,	D.	Wang,	Identification	of	a	novel	coronavirus	from	a	beluga	whale	by	using	a	

panviral	microarray.	J.	Virol.	82,	5084–5088	(2008).	
94.		 V.	M.	Corman	et	al.,	Characterization	of	a	novel	betacoronavirus	related	to	middle	East	respiratory	syndrome	coronavirus	in	European	

hedgehogs.	J.	Virol.	88,	717–724	(2014).	
95.		 S.	K.	P.	Lau	et	al.,	Discovery	of	a	novel	coronavirus,	China	Rattus	coronavirus	HKU24,	from	Norway	rats	supports	the	murine	origin	of	

Betacoronavirus	1	and	has	implications	for	the	ancestor	of	Betacoronavirus	lineage	A.	J.	Virol.	89,	3076–3092	(2015).	
96.		 M.	A.	Clark,	Bovine	coronavirus.	Br.	Vet.	J.	149,	51–70	(1993).	
97.		 X.	Zhang	et	al.,	Quasispecies	of	bovine	enteric	and	respiratory	coronaviruses	based	on	complete	genome	sequences	and	genetic	changes	

after	tissue	culture	adaptation.	Virology.	363,	1–10	(2007).	
98.		 M.	Koopmans,	M.	C.	Horzinek,	Toroviruses	of	animals	and	humans:	a	review.	Adv.	Virus	Res.	43,	233–273	(1994).	



Genomic prediction of viral origins     Babayan et al.  

99.		 P.	S.	Masters,	S.	Perlman,	in	Fields	Virology,	D.	M.	Knipe,	P.	M.	Howley,	Eds.	(2013).	
100.		 P.	C.	Y.	Woo	et	al.,	Discovery	of	Seven	Novel	Mammalian	and	Avian	Coronaviruses	in	the	Genus	Deltacoronavirus	Supports	Bat	Coronaviruses	

as	the	Gene	Source	of	Alphacoronavirus	and	Betacoronavirus	and	Avian	Coronaviruses	as	the	Gene	Source	of	Gammacoronavirus	and	
Deltacoronavi.	J.	Virol.	86,	3995–4008	(2012).	

101.		 J.	Zhang	et	al.,	Genomic	characterization	of	equine	coronavirus.	Virology.	369,	92–104	(2007).	
102.		 M.	G.	Han,	D.-S.	Cheon,	X.	Zhang,	L.	J.	Saif,	Cross-protection	against	a	human	enteric	coronavirus	and	a	virulent	bovine	enteric	coronavirus	in	

gnotobiotic	calves.	J.	Virol.	80,	12350–12356	(2006).	
103.		 X.-Y.	Ge	et	al.,	Isolation	and	characterization	of	a	bat	SARS-like	coronavirus	that	uses	the	ACE2	receptor.	Nature.	503,	535–538	(2014).	
104.		 P.	C.	Y.	Woo	et	al.,	Comparative	analysis	of	complete	genome	sequences	of	three	avian	coronaviruses	reveals	a	novel	group	3c	coronavirus.	

J.	Virol.	83,	908–917	(2009).	
105.		 J.	Pignatelli,	L.	Grau-Roma,	M.	Jimenez,	J.	Segales,	D.	Rodriguez,	Longitudinal	serological	and	virological	study	on	porcine	torovirus	(PToV)	in	

piglets	from	Spanish	farms.	Vet.	Microbiol.	146,	260–268	(2010).	
106.		 M.	H.	Gomaa,	J.	R.	Barta,	D.	Ojkic,	D.	Yoo,	Complete	genomic	sequence	of	turkey	coronavirus.	Virus	Res.	135,	237–246	(2008).	
107.		 H.	Schütze	et	al.,	Characterization	of	White	bream	virus	reveals	a	novel	genetic	cluster	of	nidoviruses.	J.	Virol.	80,	11598–11609	(2006).	
108.		 R.	W.	Barrette,	L.	Xu,	J.	M.	Rowland,	M.	T.	McIntosh,	Current	perspectives	on	the	phylogeny	of	Filoviridae.	Infect.	Genet.	Evol.	11,	1514–1519	

(2011).	
109.		 J.	H.	Kuhn	et	al.,	Proposal	for	a	revised	taxonomy	of	the	family	Filoviridae:	classification,	names	of	taxa	and	viruses,	and	virus	abbreviations.	

Arch.	Virol.	155,	2083–2103	(2010).	
110.		 R.	Swanepoel	et	al.,	Studies	of	reservoir	hosts	for	Marburg	virus.	Emerg.	Infect.	Dis.	13,	1847–1851	(2007).	
111.		 J.	S.	Towner	et	al.,	Marburg	virus	infection	detected	in	a	common	African	bat.	PLoS	One.	2,	e764	(2007).	
112.		 R.	W.	Barrette	et	al.,	Discovery	of	swine	as	a	host	for	the	Reston	ebolavirus.	Science	(80-.	).	325,	204–206	(2009).	
113.		 E.	M.	Leroy	et	al.,	Fruit	bats	as	reservoirs	of	Ebola	virus.	Nature.	438,	575–6	(2005).	
114.		 K.	Hoshino,	H.	Isawa,	Y.	Tsuda,	K.	Sawabe,	M.	Kobayashi,	Isolation	and	characterization	of	a	new	insect	flavivirus	from	Aedes	albopictus	and	

Aedes	flavopictus	mosquitoes	in	Japan.	Virology.	391,	119–129	(2009).	
115.		 T.	A.	Madani,	Alkhumra	virus	infection,	a	new	viral	hemorrhagic	fever	in	Saudi	Arabia.	J.	Infect.	51,	91–97	(2005).	
116.		 N.	Karabatsos,	International	Catalogue	of	Arboviruses	including	Certain	Other	Viruses	of	Vertebrates	(American	Society	of	Tropical	Medicine	

and	Hygiene,	an	Antonio/Fort	Collins,	1995).	
117.		 M.	W.	Gaunt	et	al.,	Phylogenetic	relationships	of	flaviviruses	correlate	with	their	epidemiology,	disease	association	and	biogeography.	J.	

Gen.	Virol.	82,	1867–1876	(2001).	
118.		 P.	Becher,	M.	Orlich,	H.-J.	Thiel,	Complete	genomic	sequence	of	border	disease	virus,	a	pestivirus	from	sheep.	J.	Virol.	72,	5165–5173	(1998).	
119.		 C.	Baechlein	et	al.,	Identification	of	a	novel	hepacivirus	in	domestic	cattle	from	Germany.	J.	Virol.	89,	7007–7015	(2015).	
120.		 D.	J.	Gubler,	G.	Kuno,	L.	Markoff,	Flaviviruses.	Fields	Virol.	1,	1153–1253	(2007).	
121.		 L.	Liu,	J.	Kampa,	S.	Belák,	C.	Baule,	Virus	recovery	and	full-length	sequence	analysis	of	atypical	bovine	pestivirus	Th/04_KhonKaen.	Vet.	

Microbiol.	138,	62–68	(2009).	



Genomic prediction of viral origins     Babayan et al.  

122.		 C.	H.	Calisher,	E.	A.	Gould,	Taxonomy	of	the	virus	family	Flaviviridae.	Adv.	Virus	Res.	59,	1–19	(2003).	
123.		 W.	C.	Batista	et	al.,	Notification	of	the	first	isolation	of	Cacipacore	virus	in	a	human	in	the	State	of	Rondônia,	Brazil.	Rev.	Soc.	Bras.	Med.	

Trop.	44,	528–530	(2011).	
124.		 R.	Takhampunya	et	al.,	Distribution	and	mosquito	hosts	of	Chaoyang	virus,	a	newly	reported	flavivirus	from	the	Republic	of	Korea,	2008–

2011.	J.	Med.	Entomol.	51,	464–474	(2014).	
125.		 B.	J.	Blitvich,	A.	E.	Firth,	Insect-specific	flaviviruses:	a	systematic	review	of	their	discovery,	host	range,	mode	of	transmission,	superinfection	

exclusion	potential	and	genomic	organization.	Viruses.	7,	1927–1959	(2015).	
126.		 G.	Kuno,	G.-J.	J.	Chang,	Characterization	of	Sepik	and	Entebbe	bat	viruses	closely	related	to	yellow	fever	virus.	Am.	J.	Trop.	Med.	Hyg.	75,	

1165–1170	(2006).	
127.		 P.	D.	Burbelo	et	al.,	Serology-enabled	discovery	of	genetically	diverse	hepaciviruses	in	a	new	host.	J.	Virol.	86,	6171–6178	(2012).	
128.		 J.	T.	Stapleton,	S.	Foung,	A.	S.	Muerhoff,	J.	Bukh,	P.	Simmonds,	The	GB	viruses:	a	review	and	proposed	classification	of	GBV-A,	GBV-C	(HGV),	

and	GBV-D	in	genus	Pegivirus	within	the	family	Flaviviridae.	J.	Gen.	Virol.	92,	233–246	(2011).	
129.		 M.	G.	Berg	et	al.,	Discovery	of	a	Novel	Human	Pegivirus	in	Blood	Associated	with	Hepatitis	C	Virus	Co-Infection.	PLoS	Pathog.	11,	e1005325	

(2015).	
130.		 D.	K.	L’vov	et	al.,	[Kama,	a	new	virus	(Flaviviridae,	Flavivirus,	Tiulenii	antigenic	group),	isolated	from	Ixodes	lividus	ticks].	Vopr.	Virusol.	43,	

71–74	(1997).	
131.		 J.	J.	L.	Lutomiah,	C.	Mwandawiro,	J.	Magambo,	R.	C.	Sang,	Infection	and	vertical	transmission	of	Kamiti	river	virus	in	laboratory	bred	Aedes	

aegypti	mosquitoes.	J.	Insect	Sci.	7,	55	(2007).	
132.		 M.	Poidingera,	R.	A.	Hall,	M.	D.	Lindsay,	A.	K.	Broom,	J.	S.	Mackenzie,	The	molecular	epidemiology	of	Kokobera	virus.	Virus	Res.	68,	7–13	

(2000).	
133.		 J.-P.	Carrera	et	al.,	Mercadeo	Virus:	A	Novel	Mosquito-Specific	Flavivirus	from	Panama.	Am.	J.	Trop.	Med.	Hyg.	93,	1014–1019	(2015).	
134.		 S.	Zuo	et	al.,	Detection	of	Quang	Binh	virus	from	mosquitoes	in	China.	Virus	Res.	180,	31–38	(2014).	
135.		 C.	Firth	et	al.,	Detection	of	zoonotic	pathogens	and	characterization	of	novel	viruses	carried	by	commensal	Rattus	norvegicus	in	New	York	

City.	MBio.	5,	e01933-14	(2014).	
136.		 C.	Alkan	et	al.,	Ecuador	Paraiso	Escondido	virus,	a	new	flavivirus	isolated	from	New	World	sand	flies	in	Ecuador,	Is	the	first	representative	of	

a	novel	clade	in	the	genus	flavivirus.	J.	Virol.	89,	11773–11785	(2015).	
137.		 B.	J.	McLean	et	al.,	A	novel	insect-specific	flavivirus	replicates	only	in	Aedes-derived	cells	and	persists	at	high	prevalence	in	wild	Aedes	vigilax	

populations	in	Sydney,	Australia.	Virology.	486,	272–283	(2015).	
138.		 H.	Albayrak,	S.	O.	Gumusova,	E.	Ozan,	Z.	Yazici,	Molecular	detection	of	pestiviruses	in	aborted	foetuses	from	provinces	in	northern	Turkey.	

Trop.	Anim.	Health	Prod.	44,	677–680	(2012).	
139.		 P.	Simmonds	et	al.,	Family	Flaviviridae.	VirusTaxonomy	Ninth	Rep.	Int.	Comm.	Taxon.	Viruses,	1003–1020	(2011).	
140.		 P.	Becher,	S.	Schmeiser,	T.	C.	Oguzoglu,	A.	Postel,	Complete	genome	sequence	of	a	novel	pestivirus	from	sheep.	J.	Virol.	86,	11412	(2012).	
141.		 P.	D.	Kirkland	et	al.,	Identification	of	a	novel	virus	in	pigs—Bungowannah	virus:	a	possible	new	species	of	pestivirus.	Virus	Res.	129,	26–34	

(2007).	



Genomic prediction of viral origins     Babayan et al.  

142.		 S.	Vilcek,	J.	F.	Ridpath,	H.	Van	Campen,	J.	L.	Cavender,	J.	Warg,	Characterization	of	a	novel	pestivirus	originating	from	a	pronghorn	antelope.	
Virus	Res.	108,	187–193	(2005).	

143.		 D.	G.	Constantine,	D.	F.	Woodall,	Latent	infection	of	Rio	Bravo	virus	in	salivary	glands	of	bats.	Public	Health	Rep.	79,	1033	(1964).	
144.		 G.	Grard	et	al.,	Genomics	and	evolution	of	Aedes-borne	flaviviruses.	J.	Gen.	Virol.	91,	87–94	(2010).	
145.		 E.	A.	Gould,	X.	de	Lamballerie,	M.	Pablo,	E.	C.	Holmes,	Origins,	evolution,	and	vector-host	coadaptations	within	the	Genus	Flavivirus.	Adv.	

Virus	Res.	59,	277–314	(2003).	
146.		 M.	S.	Marin	et	al.,	The	virus	causing	encephalomyelitis	in	sheep	in	Spain:	a	new	member	of	the	tick-borne	encephalitis	group.	Res.	Vet.	Sci.	

58,	11–13	(1995).	
147.		 K.	L.	Mansfield	et	al.,	Tick-borne	encephalitis	virus–a	review	of	an	emerging	zoonosis.	J.	Gen.	Virol.	90,	1781–1794	(2009).	
148.		 S.	Tajima,	T.	Takasaki,	S.	Matsuno,	M.	Nakayama,	I.	Kurane,	Genetic	characterization	of	Yokose	virus,	a	flavivirus	isolated	from	the	bat	in	

Japan.	Virology.	332,	38–44	(2005).	
149.		 F.	F.	Huang	et	al.,	Determination	and	analysis	of	the	complete	genomic	sequence	of	avian	hepatitis	E	virus	(avian	HEV)	and	attempts	to	infect	

rhesus	monkeys	with	avian	HEV.	J.	Gen.	Virol.	85,	1609–1618	(2004).	
150.		 J.	F.	Drexler	et	al.,	Bats	worldwide	carry	hepatitis	E	virus-related	viruses	that	form	a	putative	novel	genus	within	the	family	Hepeviridae.	J	

Virol.	86,	9134–9147	(2012).	
151.		 W.	Batts,	S.	Yun,	R.	Hedrick,	J.	Winton,	A	novel	member	of	the	family	Hepeviridae	from	cutthroat	trout	(Oncorhynchus	clarkii).	Virus	Res.	

158,	116–123	(2011).	
152.		 L.	Lu,	C.	Li,	C.	H.	Hagedorn,	Phylogenetic	analysis	of	global	hepatitis	E	virus	sequences:	genetic	diversity,	subtypes	and	zoonosis.	Rev.	Med.	

Virol.	16,	5–36	(2006).	
153.		 K.	S.	Baker	et	al.,	Novel,	potentially	zoonotic	paramyxoviruses	from	the	African	straw-colored	fruit	bat	Eidolon	helvum.	J.	Virol.	87,	1348–

1358	(2013).	
154.		 A.	Kvellestad,	K.	Falk,	S.	M.	R.	Nygaard,	K.	Flesjå,	J.	A.	Holm,	Atlantic	salmon	paramyxovirus	(ASPV)	infection	contributes	to	proliferative	gill	

inflammation	(PGI)	in	seawater-reared	Salmo	salar.	Dis.	Aquat.	Organ.	67,	47–54	(2005).	
155.		 P.	Gogoi,	K.	Ganar,	S.	Kumar,	Avian	paramyxovirus:	a	brief	review.	Transbound.	Emerg.	Dis.	(2015).	
156.		 J.	F.	Drexler	et	al.,	Bats	host	major	mammalian	paramyxoviruses.	Nat.	Commun.	3,	796	(2012).	
157.		 P.	C.	Y.	Woo	et	al.,	Novel	Variant	of	Beilong	Paramyxovirus	in	Rats,	China.	Emerg.	Infect.	Dis.	18,	1022–1024	(2012).	
158.		 R.	A.	Karron,	P.	L.	Collins,	in	Fields	virology,	B.	N.	Fields,	D.	M.	Knipe,	P.	M.	Howley,	Eds.	(2013).	
159.		 S.	L.	Deem,	L.	H.	Spelman,	R.	A.	Yates,	R.	J.	Montali,	Canine	distemper	in	terrestrial	carnivores:	a	review.	J.	Zoo	Wildl.	Med.	31,	441–451	

(2000).	
160.		 G.	A.	Marsh	et	al.,	Cedar	Virus:	A	Novel	Henipavirus	Isolated	from	Australian	Bats.	PLoS	Pathog.	8	(2012),	doi:10.1371/journal.ppat.1002836.	
161.		 R.	W.	Renshaw,	N.	C.	Zylich,	M.	A.	Laverack,	A.	L.	Glaser,	E.	J.	Dubovi,	Pneumovirus	in	dogs	with	acute	respiratory	disease.	Emerg.	Infect.	Dis.	

16,	993–995	(2010).	
162.		 J.	K.	Taubenberger	et	al.,	Two	morbilliviruses	implicated	in	bottlenose	dolphin	epizootics.	Emerg.	Infect.	Dis.	2,	213	(1996).	
163.		 P.	C.	Y.	Woo	et	al.,	Feline	morbillivirus,	a	previously	undescribed	paramyxovirus	associated	with	tubulointerstitial	nephritis	in	domestic	cats.	



Genomic prediction of viral origins     Babayan et al.  

Proc.	Natl.	Acad.	Sci.	U.	S.	A.	109,	5435–40	(2012).	
164.		 G.	Kurath,	W.	N.	Batts,	W.	Ahne,	J.	R.	Winton,	Complete	genome	sequence	of	Fer-de-Lance	virus	reveals	a	novel	gene	in	reptilian	

paramyxoviruses.	J.	Virol.	78,	2045–2056	(2004).	
165.		 H.	Field	et	al.,	The	natural	history	of	Hendra	and	Nipah	viruses.	Microbes	Infect.	3,	307–314	(2001).	
166.		 P.	L.	Collins,	R.	A.	Karron,	in	Fields	virology,	H.	Fields,	D.	Knipe,	P.	M.	Howley,	Eds.	(2013).	
167.		 P.	J.	M.	Jack,	D.	B.	Boyle,	B.	T.	Eaton,	L.-F.	Wang,	The	complete	genome	sequence	of	J	virus	reveals	a	unique	genome	structure	in	the	family	

Paramyxoviridae.	J.	Virol.	79,	10690–10700	(2005).	
168.		 H.	G.	Zeller	et	al.,	Electron	microscopy	and	antigenic	studies	of	uncharacterized	viruses.	I.	Evidence	suggesting	the	placement	of	viruses	in	

familiesArenaviridae,	Paramyxoviridae,	orPoxviridae.	Arch.	Virol.	108,	191–209	(1989).	
169.		 D.	E.	Griffin,	in	Fields	virology,	B.	N.	Fields,	D.	M.	Knipe,	P.	M.	Howley,	Eds.	(2013).	
170.		 J.	A.	Barr,	C.	Smith,	G.	A.	Marsh,	H.	Field,	L.	F.	Wang,	Evidence	of	bat	origin	for	Menangle	virus,	a	zoonotic	paramyxovirus	first	isolated	from	

diseased	pigs.	J.	Gen.	Virol.	93,	2590–2594	(2012).	
171.		 Z.	Wu	et	al.,	Novel	henipa-like	virus,	Mojiang	paramyxovirus,	in	rats,	China,	2012.	Emerg.	Infect.	Dis.	20,	1064	(2014).	
172.		 P.	J.	Miller,	D.	B.	Boyle,	B.	T.	Eaton,	L.-F.	Wang,	Full-length	genome	sequence	of	Mossman	virus,	a	novel	paramyxovirus	isolated	from	rodents	

in	Australia.	Virology.	317,	330–344	(2003).	
173.		 R.	A.	Lamb,	D.	Kolakofsky,	Paramyxovirus:	the	virus	and	their	replication	(Lippincott-Raven	Publishers,	2001).	
174.		 H.	F.	Rosenberg,	J.	B.	Domachowske,	Pneumonia	virus	of	mice:	severe	respiratory	infection	in	a	natural	host.	Immunol.	Lett.	118,	6–12	

(2008).	
175.		 L.	S.	Lambeth	et	al.,	Complete	genome	sequence	of	Nariva	virus,	a	rodent	paramyxovirus.	Arch.	Virol.	154,	199–207	(2009).	
176.		 A.	C.	Banyard	et	al.,	Global	distribution	of	peste	des	petits	ruminants	virus	and	prospects	for	improved	diagnosis	and	control.	J.	Gen.	Virol.	

91,	2885–2897	(2010).	
177.		 T.	Härkönen	et	al.,	The	1988	and	2002	phocine	distemper	virus	epidemics	in	European	harbour	seals.	Dis.	Aquat.	Organ.	68,	115–130	(2006).	
178.		 S.	K.	P.	Lau	et	al.,	Identification	and	characterization	of	a	novel	paramyxovirus,	porcine	parainfluenza	virus	1,	from	deceased	pigs.	J.	Gen.	

Virol.	94,	2184–2190	(2013).	
179.		 J.	F.	Rivera-Benitez	et	al.,	Persistence	of	porcine	rubulavirus	in	experimentally	infected	boars.	Vet.	Microbiol.	162,	491–498	(2013).	
180.		 P.	L.	Roeder,	W.	P.	Taylor,	Rinderpest.	Vet.	Clin.	North	Am.	Food	Anim.	Pract.	18,	515–547,	ix	(2002).	
181.		 D.	E.	Anderson,	E.	J.	Dubovi,	M.	Yu,	L.-F.	Wang,	R.	W.	Renshaw,	Genome	characterization	of	Salem	virus	reveals	its	evolutionary	intermediate	

status	in	the	subfamily	Paramyxovirinae.	Arch.	Virol.	157,	1989–1993	(2012).	
182.		 R.	H.	Miller,	A.	R.	Pursell,	F.	E.	Mitchell,	K.	M.	Johnson,	A	Newly	Discovered	Myxovirus	(SV	41)	isolated	from	Cell	Cultures	of	Cyno-molgus	

Monkey	Kidney.	Am.	J.	Hyg.	80,	365–376	(1964).	
183.		 B.	R.	Amman	et	al.,	A	Recently	Discovered	Pathogenic	Paramyxovirus,	Sosuga	Virus,	is	Present	in	Rousettus	aegyptiacus	Fruit	Bats	at	Multiple	

Locations	in	Uganda.	J.	Wildl.	Dis.	(2015).	
184.		 T.	H.	Hyndman,	C.	M.	Shilton,	R.	J.	T.	Doneley,	P.	K.	Nicholls,	Sunshine	virus	in	Australian	pythons.	Vet.	Microbiol.	161,	77–87	(2012).	
185.		 P.	C.	Y.	Woo	et	al.,	Complete	genome	sequence	of	a	novel	paramyxovirus,	Tailam	virus,	discovered	in	Sikkim	rats.	J.	Virol.	85,	13473–13474	



Genomic prediction of viral origins     Babayan et al.  

(2011).	
186.		 K.	C.	Yaiw	et	al.,	Tioman	virus,	a	paramyxovirus	of	bat	origin,	causes	mild	disease	in	pigs	and	has	a	predilection	for	lymphoid	tissues.	J.	Virol.	

82,	565–568	(2008).	
187.		 S.	K.	P.	Lau	et	al.,	Identification	and	complete	genome	analysis	of	three	novel	paramyxoviruses,	Tuhoko	virus	1,	2	and	3,	in	fruit	bats	from	

China.	Virology.	404,	106–116	(2010).	
188.		 C.	A.	Tidona,	H.	W.	Kurz,	H.	R.	Gelderblom,	G.	Darai,	Isolation	and	molecular	characterization	of	a	novel	cytopathogenic	paramyxovirus	from	

tree	shrews.	Virology.	258,	425–434	(1999).	
189.		 V.	R.	Racaniello,	in	Fields	virology,	G.	N.	Fields,	D.	M.	Knipe,	P.	M.	Howley,	Eds.	(2013).	
190.		 S.	K.	P.	Lau	et	al.,	Chickens	host	diverse	picornaviruses	originated	from	potential	interspecies	transmission	with	recombination.	J.	Gen.	Virol.	

95,	1929–1944	(2014).	
191.		 Á.	Boros,	P.	Pankovics,	G.	Reuter,	Avian	picornaviruses:	Molecular	evolution,	genome	diversity	and	unusual	genome	features	of	a	rapidly	

expanding	group	of	viruses	in	birds.	Infect.	Genet.	Evol.	28,	151–166	(2014).	
192.		 J.	F.	Drexler	et	al.,	Evolutionary	origins	of	hepatitis	A	virus	in	small	mammals.	Proc.	Natl.	Acad.	Sci.	112,	201516992	(2015).	
193.		 S.	K.	Lau	et	al.,	Complete	genome	analysis	of	three	novel	picornaviruses	from	diverse	bat	species.	J	Virol.	85,	8819–8828	(2011).	
194.		 L.	Li	et	al.,	Viruses	in	diarrhoeic	dogs	include	novel	kobuviruses	and	sapoviruses.	J.	Gen.	Virol.	92,	2534–2541	(2011).	
195.		 S.	Bullman	et	al.,	Identification	and	genetic	characterization	of	a	novel	picornavirus	from	chickens.	J.	Gen.	Virol.	95,	1094–1103	(2014).	
196.		 Á.	Boros	et	al.,	Genome	characterization	of	a	novel	chicken	picornavirus	distantly	related	to	the	members	of	genus	avihepatovirus	with	a	

single	2A	protein	and	a	megrivirus-like	3ʹ	UTR.	Infect.	Genet.	Evol.	28,	333–338	(2014).	
197.		 M.	J.	Pantin-Jackwood,	T.	P.	Brown,	Infectious	bursal	disease	virus	and	proventriculitis	in	broiler	chickens.	Avian	Dis.	47,	681–690	(2003).	
198.		 X.	Wang	et	al.,	Genetic	characterization	of	a	novel	duck-origin	picornavirus	with	six	2A	proteins.	J.	Gen.	Virol.	95,	1289–1296	(2014).	
199.		 S.	Sabanathan,	L.	Thwaites,	B.	Wills,	P.	T.	Qui,	H.	R.	van	Doorn,	Enterovirus	71	related	severe	hand,	foot	and	mouth	disease	outbreaks	in	

South-East	Asia:	current	situation	and	ongoing	challenges.	J.	Epidemiol.	Community	Health.	68,	500–502	(2014).	
200.		 Á.	Boros	et	al.,	Genome	analysis	of	a	novel,	highly	divergent	picornavirus	from	common	kestrel	(Falco	tinnunculus):	the	first	non-enteroviral	

picornavirus	with	type-I-like	IRES.	Infect.	Genet.	Evol.	32,	425–431	(2015).	
201.		 N.	B.	D.	Phelps	et	al.,	Isolation	and	molecular	characterization	of	a	novel	picornavirus	from	baitfish	in	the	USA.	PLoS	One.	9,	e87593	(2014).	
202.		 B.	Di	Martino,	F.	Di	Profio,	I.	Melegari,	F.	Marsilio,	V.	Martella,	Detection	of	feline	kobuviruses	in	diarrhoeic	cats,	Italy.	Vet.	Microbiol.	176,	

186–189	(2015).	
203.		 S.	K.	P.	Lau	et	al.,	Identification	of	a	novel	feline	picornavirus	from	the	domestic	cat.	J.	Virol.	86,	395–405	(2012).	
204.		 T.	F.	F.	Ng	et	al.,	Feline	fecal	virome	reveals	novel	and	prevalent	enteric	viruses.	Vet.	Microbiol.	171,	102–111	(2014).	
205.		 S.	L.	Smits	et	al.,	Metagenomic	analysis	of	the	ferret	fecal	viral	flora.	PLoS	One.	8,	e71595	(2013).	
206.		 Á.	Boros	et	al.,	A	diarrheic	chicken	simultaneously	co-infected	with	multiple	picornaviruses:	Complete	genome	analysis	of	avian	

picornaviruses	representing	up	to	six	genera.	Virology.	489,	63–74	(2016).	
207.		 M.	S.	Oberste	et	al.,	Molecular	identification	of	13	new	enterovirus	types,	EV79–88,	EV97,	and	EV100–101,	members	of	the	species	Human	

Enterovirus	B.	Virus	Res.	128,	34–42	(2007).	



Genomic prediction of viral origins     Babayan et al.  

208.		 S.	K.	P.	Lau,	C.	C.	Y.	Yip,	P.	C.	Y.	Woo,	K.-Y.	Yuen,	Human	rhinovirus	C:	a	newly	discovered	human	rhinovirus	species.	Emerg.	Health	Threats	J.	
(2010).	

209.		 Z.	Wu	et	al.,	Virome	Analysis	for	Identification	of	Novel	Mammalian	Viruses	in	Bat	Species	from	Chinese	Provinces.	J.	Virol.	86,	10999–11012	
(2012).	

210.		 E.	S.	Lim,	S.	L.	Deem,	I.	J.	Porton,	S.	Cao,	D.	Wang,	Species-specific	transmission	of	novel	picornaviruses	in	lemurs.	J.	Virol.	89,	4002–4010	
(2015).	

211.		 S.	J.	Anthony	et	al.,	Discovery	of	a	Novel	Hepatovirus	(Phopivirus	of	Seals)	Related	to	Human	Hepatitis	A	Virus.	MBio.	6,	e01180-15	(2015).	
212.		 S.	Aldabbagh,	I.	Eckerle,	A.	Müller,	E.	L.	Delwart,	A.	M.	Eis-Hübinger,	Salivirus	type	1	and	type	2	in	patients	with	acute	gastroenteritis,	

Germany.	J.	Clin.	Virol.	72,	16–19	(2015).	
213.		 A.	Kapoor	et	al.,	A	highly	divergent	picornavirus	in	a	marine	mammal.	J.	Virol.	82,	311–320	(2008).	
214.		 M.	Y.	Zhan	et	al.,	A	preliminary	study	of	hepatitis	a	virus	in	Chinese	Tupaia	(author’s	transl).	Zhongguo	Yi	Xue	Ke	Xue	Yuan	Xue	Bao.	3,	148	

(1981).	
215.		 I.	V	Kuzmin,	I.	S.	Novella,	R.	G.	Dietzgen,		a	Padhi,	C.	E.	Rupprecht,	The	rhabdoviruses:	biodiversity,	phylogenetics,	and	evolution.	Infect.	

Genet.	Evol.	9,	541–53	(2009).	
216.		 T.	F.	Ng	et	al.,	Distinct	lineage	of	vesiculovirus	from	big	brown	bats,	United	States.	Emerg	Infect	Dis.	19,	1978–1980	(2013).	
217.		 N.	Vasilakis	et	al.,	Arboretum	and	Puerto	Almendras	viruses:	two	novel	rhabdoviruses	isolated	from	mosquitoes	in	Peru.	J.	Gen.	Virol.	95,	

787–792	(2014).	
218.		 G.	Grard	et	al.,	A	novel	rhabdovirus	associated	with	acute	hemorrhagic	fever	in	central	Africa.	PLoS	Pathog.	8,	e1002924	(2012).	
219.		 R.	G.	Dietzgen,	I.	V	Kuzmin,	Rhabdoviruses:	molecular	taxonomy,	evolution,	genomics,	ecology,	host-vector	interactions,	cytopathology	and	

control	(Horizon	Scientific	Press,	2012).	
220.		 E.	Picard-Meyer	et	al.,	Isolation	of	Bokeloh	bat	lyssavirus	in	Myotis	nattereri	in	France.	Arch.	Virol.	158,	2333–40	(2013).	
221.		 B.	L.	Rao	et	al.,	A	large	outbreak	of	acute	encephalitis	with	high	fatality	rate	in	children	in	Andhra	Pradesh,	India,	in	2003,	associated	with	

Chandipura	virus.	Lancet.	364,	869–874	(2004).	
222.		 A.	Gubala	et	al.,	Tibrogargan	and	Coastal	Plains	rhabdoviruses:	genomic	characterization,	evolution	of	novel	genes	and	seroprevalence	in	

Australian	livestock.	J.	Gen.	Virol.	92,	2160–2170	(2011).	
223.		 R.	Kuwata	et	al.,	RNA	splicing	in	a	new	rhabdovirus	from	Culex	mosquitoes.	J.	Virol.	85,	6185–6196	(2011).	
224.		 J.	A.	P.	Diniz	et	al.,	Characterization	of	two	new	rhabdoviruses	isolated	from	midges	(Culicoides	Spp)	in	the	Brazilian	Amazon:	Proposed	

members	of	a	new	genus,	Bracorhabdovirus.	Arch.	Virol.	151,	2519–2527	(2006).	
225.		 J.	Y.	Siegers	et	al.,	Genetic	relatedness	of	dolphin	rhabdovirus	with	fish	rhabdoviruses.	Emerg.	Infect.	Dis.	20,	1081–1082	(2014).	
226.		 B.	Longdon,	D.	J.	Obbard,	F.	M.	Jiggins,	Sigma	viruses	from	three	species	of	Drosophila	form	a	major	new	clade	in	the	rhabdovirus	phylogeny.	

Proc.	R.	Soc.	London	B	Biol.	Sci.	277,	35–44	(2010).	
227.		 B.	Longdon,	L.	Wilfert,	D.	J.	Obbard,	F.	M.	Jiggins,	Rhabdoviruses	in	two	species	of	Drosophila:	vertical	transmission	and	a	recent	sweep.	

Genetics.	188,	141–150	(2011).	
228.		 G.	H.	Babaie,	K.	Izadpanah,	Vector	transmission	of	Eggplant	mottled	dwarf	virus	in	Iran.	J.	Phytopathol.	151,	679–682	(2003).	



Genomic prediction of viral origins     Babayan et al.  

229.		 G.	Palacios	et	al.,	Characterization	of	Farmington	virus,	a	novel	virus	from	birds	that	is	distantly	related	to	members	of	the	family	
Rhabdoviridae.	Virol.	J.	10,	1	(2013).	

230.		 R.	C.	Kading	et	al.,	Isolation	and	molecular	characterization	of	Fikirini	rhabdovirus,	a	novel	virus	from	a	Kenyan	bat.	J.	Gen.	Virol.	94,	2393–
2398	(2013).	

231.		 D.	M.	Stone,	R.	C.	Kerr,	M.	Hughes,	A.	D.	Radford,	A.	C.	Darby,	Characterisation	of	the	genomes	of	four	putative	vesiculoviruses:	tench	
rhabdovirus,	grass	carp	rhabdovirus,	perch	rhabdovirus	and	eel	rhabdovirus	European	X.	Arch.	Virol.	158,	2371–2377	(2013).	

232.		 W.	Zeng	et	al.,	Genomic	characterization	and	taxonomic	position	of	a	rhabdovirus	from	a	hybrid	snakehead.	Arch.	Virol.	159,	2469–2473	
(2014).	

233.		 D.	A.	Marston	et	al.,	Ikoma	lyssavirus,	highly	divergent	novel	lyssavirus	in	an	African	civet.	Emerg.	Infect.	Dis.	18,	664–667	(2012).	
234.		 R.	Tesh,	S.	Saidi,	E.	Javadian,	P.	Loh,	A.	Nadim,	Isfahan	virus,	a	new	vesiculovirus	infecting	humans,	gerbils,	and	sandflies	in	Iran.	Am.	J.	Trop.	

Med.	Hyg.	26,	299–306	(1977).	
235.		 P.	F.	C.	Vasconcelos	et	al.,	in	An	overview	of	arbovirology	in	Brazil	and	neighbouring	countries	(Instituto	Evandro	Chagas,	1998),	pp.	72–99.	
236.		 K.	R.	Blasdell	et	al.,	Malakal	virus	from	Africa	and	Kimberley	virus	from	Australia	are	geographic	variants	of	a	widely	distributed	

ephemerovirus.	Virology.	433,	236–244	(2012).	
237.		 E.	Ghedin	et	al.,	Kolente	virus,	a	rhabdovirus	species	isolated	from	ticks	and	bats	in	the	Republic	of	Guinea.	J.	Gen.	Virol.	94,	2609–2615	

(2013).	
238.		 K.	R.	Blasdell	et	al.,	Kotonkan	and	Obodhiang	viruses:	African	ephemeroviruses	with	large	and	complex	genomes.	Virology.	425,	143–153	

(2012).	
239.		 R.	Tokarz,	S.	Sameroff,	M.	S.	Leon,	K.	Jain,	W.	I.	Lipkin,	Genome	characterization	of	Long	Island	tick	rhabdovirus,	a	new	virus	identified	in	

Amblyomma	americanum	ticks.	Virol.	J.	11,	1	(2014).	
240.		 G.	N.	Leonova	et	al.,	The	Fatal	Case	of	Lyssavirus	Encephalitis	in	the	Russian	Far	East.	WHO	Rabies	Bull.	Eur.	33,	5–8	(2009).	
241.		 M.	G.	Redinbaugh,	S.	A.	Hogenhout,	in	The	World	of	Rhabdoviruses	(Springer,	2005),	pp.	143–163.	
242.		 G.	G.	Clark	et	al.,	Malpais	spring	virus:	a	new	vesiculovirus	from	mosquitoes	collected	in	New	Mexico	and	evidence	of	infected	indigenous	

and	exotic	ungulates.	Am.	J.	Trop.	Med.	Hyg.	39,	586–592	(1988).	
243.		 A.	P.	A.	Travassos	Da	Rosa,	R.	B.	Tesh,	J.	F.	Travassos	Da	Rosa,	J.	P.	Herve,	A.	J.	Main,	Carajas	and	Maraba	viruses,	two	new	vesiculoviruses	

isolated	from	phlebotomine	sand	flies	in	Brazil.	Am.	J.	Trop.	Med.	Hyg.	33,	999–1006	(1984).	
244.		 P.-L.	Quan	et	al.,	Moussa	virus:	a	new	member	of	the	Rhabdoviridae	family	isolated	from	Culex	decens	mosquitoes	in	Cote	d’Ivoire.	Virus	

Res.	147,	17–24	(2010).	
245.		 A.	Gubala	et	al.,	Ngaingan	virus,	a	macropod-associated	rhabdovirus,	contains	a	second	glycoprotein	gene	and	seven	novel	open	reading	

frames.	Virology.	399,	98–108	(2010).	
246.		 N.	Vasilakis	et	al.,	Niakha	virus:	a	novel	member	of	the	family	Rhabdoviridae	isolated	from	phlebotomine	sandflies	in	Senegal.	Virology.	444,	

80–89	(2013).	
247.		 P.-L.	Quan	et	al.,	Genetic	characterization	of	K13965,	a	strain	of	Oak	Vale	virus	from	Western	Australia.	Virus	Res.	160,	206–213	(2011).	
248.		 T.	Gadd,	S.	Viljamaa-Dirks,	R.	Holopainen,	P.	Koski,	M.	Jakava-Viljanen,	Characterization	of	perch	rhabdovirus	(PRV)	in	farmed	grayling	



Genomic prediction of viral origins     Babayan et al.  

Thymallus	thymallus.	Dis.	Aquat.	Organ.	106,	117–127	(2013).	
249.		 T.	Ito,	K.	Suzaki,	M.	Nakano,	Genetic	characterization	of	novel	putative	rhabdovirus	and	dsRNA	virus	from	Japanese	persimmon.	J.	Gen.	Virol.	

94,	1917–1921	(2013).	
250.		 I.	V	Kuzmin	et	al.,	Molecular	inferences	suggest	multiple	host	shifts	of	rabies	viruses	from	bats	to	mesocarnivores	in	Arizona	during	2001-

2009.	PLoS	Pathog.	8,	e1002786	(2012).	
251.		 D.	Hanke	et	al.,	Spatio-temporal	analysis	of	the	genetic	diversity	of	arctic	rabies	viruses	and	their	reservoir	hosts	in	Greenland.	PLoS	Negl	

Trop	Dis.	10,	e0004779	(2016).	
252.		 P.	Carnieli	et	al.,	Molecular	characterization	of	Rabies	Virus	isolates	from	dogs	and	crab-eating	foxes	in	Northeastern	Brazil.	Virus	Res.	141,	

81–89	(2009).	
253.		 D.	A.	Marston	et	al.,	Next	generation	sequencing	of	viral	RNA	genomes.	BMC	Genomics.	14,	444	(2013).	
254.		 H.	Y.	Chiou	et	al.,	Molecular	characterization	of	cryptically	circulating	rabies	virus	from	ferret	badgers,	Taiwan.	Emerg.	Infect.	Dis.	20,	790–

798	(2014).	
255.		 T.	Nolden	et	al.,	Reverse	genetics	in	high	throughput:	rapid	generation	of	complete	negative	strand	RNA	virus	cDNA	clones	and	recombinant	

viruses	thereof.	Sci.	Rep.	6	(2016).	
256.		 I.	V	Kuzmin	et	al.,	Shimoni	bat	virus,	a	new	representative	of	the	Lyssavirus	genus.	Virus	Res.	149,	197–210	(2010).	
257.		 H.	Ma,	T.	A.	Galvin,	D.	R.	Glasner,	S.	Shaheduzzaman,	A.	S.	Khan,	Identification	of	a	novel	rhabdovirus	in	Spodoptera	frugiperda	cell	lines.	J.	

Virol.	88,	6576–6585	(2014).	
258.		 J.	P.	Ledermann	et	al.,	Sunguru	virus:	a	novel	virus	in	the	family	Rhabdoviridae	isolated	from	a	chicken	in	north-western	Uganda.	J.	Gen.	

Virol.	95,	1436–1443	(2014).	
259.		 T.	R.	Meyers,	J.	R.	Winton,	Viral	hemorrhagic	septicemia	virus	in	North	America.	Annu.	Rev.	Fish	Dis.	5,	3–24	(1995).	
260.		 A.	J.	Gubala	et	al.,	Genomic	characterisation	of	Wongabel	virus	reveals	novel	genes	within	the	Rhabdoviridae.	Virology.	376,	13–23	(2008).	
261.		 A.	L.	M.	Wanzeller	et	al.,	Xiburema	Virus,	a	Hitherto	Undescribed	Virus	within	the	Family	Rhabdoviridae	Isolated	in	the	Brazilian	Amazon	

Region.	Genome	Announc.	2,	e00454-14	(2014).	
262.		 M.	Pfeffer,	M.	Dilcher,	R.	B.	Tesh,	F.	T.	Hufert,	M.	Weidmann,	Genetic	characterization	of	Yug	Bogdanovac	virus.	Virus	Genes.	46,	201–202	

(2013).	
263.		 T.	Rümenapf,	E.	G.	Strauss,	J.	H.	Strauss,	Aura	virus	is	a	New	World	representative	of	Sindbis-like	viruses.	Virology.	208,	621–33	(1995).	
264.		 S.	C.	Weaver,	R.	Winegar,	I.	D.	Manger,	N.	L.	Forrester,	Alphaviruses:	population	genetics	and	determinants	of	emergence.	Antiviral	Res.	94,	

242–257	(2012).	
265.		 S.	P.	Jacups,	P.	I.	Whelan,	B.	J.	Currie,	Ross	River	virus	and	Barmah	Forest	virus	infections:	A	review	of	history,	ecology,	and	predictive	

models,	with	implications	for	tropical	northern	Australia.	Vector-Borne	Zoonotic	Dis.	8,	283–297	(2008).	
266.		 R.	J.	Kuhn,	Togaviridae:	the	viruses	and	their	replication.	Fields	Virol.	1,	1001–1022	(2007).	
267.		 J.	E.	Staples,	R.	F.	Breiman,	A.	M.	Powers,	Chikungunya	fever:	an	epidemiological	review	of	a	re-emerging	infectious	disease.	Clin.	Infect.	Dis.	

49,	942–948	(2009).	
268.		 A.	B.	Allison,	D.	E.	Stallknecht,	E.	C.	Holmes,	Evolutionary	genetics	and	vector	adaptation	of	recombinant	viruses	of	the	western	equine	



Genomic prediction of viral origins     Babayan et al.  

encephalitis	antigenic	complex	provides	new	insights	into	alphavirus	diversity	and	host	switching.	Virology.	474,	154–162	(2015).	
269.		 F.	Nasar	et	al.,	Eilat	virus,	a	unique	alphavirus	with	host	range	restricted	to	insects	by	RNA	replication.	Proc.	Natl.	Acad.	Sci.	109,	14622–

14627	(2012).	
270.		 K.	Luciani	et	al.,	Madariaga	Virus	Infection	Associated	with	a	Case	of	Acute	Disseminated	Encephalomyelitis.	Am.	J.	Trop.	Med.	Hyg.		(2015),	

doi:10.4269/ajtmh.14-0845.	
271.		 J.-P.	Carrera	et	al.,	Eastern	equine	encephalitis	in	Latin	America.	N.	Engl.	J.	Med.	369,	732–744	(2013).	
272.		 R.	B.	Tesh	et	al.,	Mayaro	virus	disease:	an	emerging	mosquito-borne	zoonosis	in	tropical	South	America.	Clin.	Infect.	Dis.	28,	67–73	(1999).	
273.		 R.	H.	Kokernot,	B.	M.	McIntosh,	C.	B.	Worth,	Ndumu	Virus,	a	Hitherto	Unknown	Agent,	isolated	from	Culicine	Mosquitoes	collected	in	

Northern	Natal,	Union	of	South	Africa.	Am.	J.	Trop.	Med.	Hyg.	10,	383–386	(1961).	
274.		 J.	Hörling,	S.	Vene,	C.	Franzen,	B.	Niklasson,	Detection	of	Ockelbo	virus	RNA	in	skin	biopsies	by	polymerase	chain	reaction.	J.	Clin.	Microbiol.	

31,	2004–2009	(1993).	
275.		 H.	Malherbe,	M.	Strickland-Cholmley,	A.	L.	Jackson,	Sindbis	virus	infection	in	man.	Report	of	a	case	with	recovery	of	virus	from	skin	lesions.	

South	African	Med.	J.	37,	547–552	(1963).	
276.		 R.	M.	Taylor,	H.	S.	Hurlbut,	T.	H.	Work,	J.	R.	Kingston,	T.	E.	Frothingham,	Sindbis	virus:	a	newly	recognized	arthropod-transmitted	virus.	Am.	J.	

Trop.	Med.	Hyg.	4,	844–862	(1955).	
277.		 L.	A.	Díaz,	M.	del	Pilar	Díaz,	W.	R.	Almirón,	M.	S.	Contigiani,	Infection	by	UNA	virus	(Alphavirus;	Togaviridae)	and	risk	factor	analysis	in	black	

howler	monkeys	(Alouatta	caraya)	from	Paraguay	and	Argentina.	Trans.	R.	Soc.	Trop.	Med.	Hyg.	101,	1039–1041	(2007).	
278.		 S.	C.	Weaver,	A.	D.	T.	Barrett,	Transmission	cycles,	host	range,	evolution	and	emergence	of	arboviral	disease.	Nat.	Rev.	Microbiol.	2,	789–801	

(2004).	
279.		 J.	A.	R.	Miles	et	al.,	Infection	of	wild	birds	with	Whataroa	virus	in	South	Westland,	New	Zealand,	1964-1969.	Aust	J	Exp	Biol	Med	Sci.	49,	365–

376	(1971).	
280.		 B.	M.	Crossley,	R.	E.	Mock,	S.	A.	Callison,	S.	K.	Hietala,	Identification	and	characterization	of	a	novel	alpaca	respiratory	coronavirus	most	

closely	related	to	the	human	coronavirus	229E.	Viruses.	4,	3689–3700	(2012).	
281.		 J.	S.	M.	Sabir	et	al.,	Co-circulation	of	three	camel	coronavirus	species	and	recombination	of	MERS-CoVs	in	Saudi	Arabia.	Science	(80-.	).	351,	

81–84	(2016).	
282.		 P.	C.	Y.	Woo	et	al.,	Novel	betacoronavirus	in	dromedaries	of	the	Middle	East,	2013.	Emerg.	Infect.	Dis.	20,	560	(2014).	
283.		 P.	C.	Y.	Woo	et	al.,	A	novel	dromedary	camel	enterovirus	in	the	family	Picornaviridae	from	dromedaries	in	the	Middle	East.	J.	Gen.	Virol.	96,	

1723–1731	(2015).	
284.		 V.	S.	Raj	et	al.,	Novel	hepatitis	E	virus	in	ferrets,	the	Netherlands.	Emerg.	Infect.	Dis.	18,	1369	(2012).	
285.		 P.	C.	Y.	Woo	et	al.,	New	hepatitis	E	virus	genotype	in	camels,	the	Middle	East.	Emerg.	Infect.	Dis.	20,	1044	(2014).	
286.		 R.	Johne	et	al.,	Novel	hepatitis	E	virus	genotype	in	Norway	rats,	Germany.	Emerg.	Infect.	Dis.	16,	1452	(2010).	
287.		 P.	Pankovics,	Á.	Boros,	T.	Kiss,	E.	Delwart,	G.	Reuter,	Detection	of	a	mammalian-like	astrovirus	in	bird,	European	roller	(Coracias	garrulus).	

Infect.	Genet.	Evol.	34,	114–121	(2015).	
288.		 S.	R.	Finkbeiner,	C.	D.	Kirkwood,	D.	Wang,	Complete	genome	sequence	of	a	highly	divergent	astrovirus	isolated	from	a	child	with	acute	



Genomic prediction of viral origins     Babayan et al.  

diarrhea.	Virol.	J.	5,	117	(2008).	
289.		 H.	Jiang	et	al.,	Comparison	of	novel	MLB-clade,	VA-clade	and	classic	human	astroviruses	highlights	constrained	evolution	of	the	classic	

human	astrovirus	nonstructural	genes.	Virology.	436,	8–14	(2013).	
290.		 G.	Reuter	et	al.,	Astrovirus	in	wild	boars	(Sus	scrofa)	in	Hungary.	Arch.	Virol.	157,	1143–1147	(2012).	
291.		 C.	M.	Jonassen,	T.	Ø.	Jonassen,	T.	M.	Sveen,	B.	Grinde,	Complete	genomic	sequences	of	astroviruses	from	sheep	and	turkey:	comparison	

with	related	viruses.	Virus	Res.	91,	195–201	(2003).	
292.		 B.	B.	Oude	Munnink	et	al.,	A	novel	astrovirus-like	RNA	virus	detected	in	human	stool.	Virus	Evol.	2	(2016).	
293.		 C.	Donato,	D.	Vijaykrishna,	The	Broad	Host	Range	and	Genetic	Diversity	of	Mammalian	and	Avian	Astroviruses.	Viruses.	9,	102	(2017).	
294.		 W.	Zhang	et	al.,	Faecal	virome	of	cats	in	an	animal	shelter.	J.	Gen.	Virol.	95,	2553–2564	(2014).	
295.		 Y.	Zhang,	F.	Wang,	N.	Liu,	L.	Yang,	D.	Zhang,	Complete	genome	sequence	of	a	novel	avastrovirus	in	goose.	Arch.	Virol.	162,	2135–2139	

(2017).	
296.		 A.	Kapoor	et	al.,	Multiple	novel	astrovirus	species	in	human	stool.	J.	Gen.	Virol.	90,	2965–2972	(2009).	
297.		 T.	G.	Phan	et	al.,	The	fecal	viral	flora	of	wild	rodents.	PLoS	Pathog.	7,	e1002218	(2011).	
298.		 C.-T.	Xiao,	P.	G.	Halbur,	T.	Opriessnig,	Complete	genome	sequence	of	a	newly	identified	porcine	astrovirus	genotype	3	strain	US-MO123.	J.	

Virol.	86,	13126	(2012).	
299.		 Y.-Y.	Ao	et	al.,	Diverse	novel	astroviruses	identified	in	wild	Himalayan	marmots.	J.	Gen.	Virol.	98,	612–623	(2017).	
	


